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• 1.0 INTRODUCTION 

Respondents (as defined in the Administrative Order on Consent (U.S. 

E.PA Docket No. ), dated 2000) (the AOC') submit this 

Focused Remedial Investigation/Feasibility Study ("RI/FS") Work Plan pursuant to the 

Statement of Work, Focused Remedial Investigation/Feasibility Study, Richardson Flat 

Tailings Site, Summit County, Utah, UT980952840." United Park City Mines Company 

("United Park") is the current owner of a large parcel of property (the "Property"), 

comprising approximately 700 acres, located in Summit County, Utah. Figure 1.0 shows 

the general geographic location of the Property. A historic mine tai1ings impoundment, 

consisting of a large, geometrically closed basin formed by an earth embankment and a 

series of perimeter containment dikes, covers approximately 160 acres of the Property and 

is sometimes referred to as "Richardson Flat" or simply the "Site." The tailings 

impoundment resulted from decades of mining and milling silver-laden ore in the area 

around Park City known as the Park City Mining District. The Site is depicted in Figure 

• 2.0. 

• 

The Site has remained unused since mining and milling operations ceased in 

1982. Over the past fifteen years, the United States Environmental Protection Agency 

("EPA"), the Utah Department of Environmental Quality ("UDEQ"), and United Park 

have been investigating the Site in order to characterize the Site and determine potential 

adverse impacts to human health and the environment associated with the Site. At the 

same time, United Park has been implementing a series of remedial measures at the Site 

intended to mitigate any potential adverse impacts on human health and the environment. 

As the result of previous Site operations and United Park's remedial efforts, 

Respondents believe that key elements are in place to support final Site closure. These 

existing closure elements include (i) the installation of multiple monitoring wells to 

monitor groundwater conditions in and around the Site; (ii) the construction of a large, 

earth embankment and a series of containment dikes to contain the tailings; (iii) 
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construction of a diversion ditch system surrounding the impoundment to collect and 

redirect; (iv) the placement of a vegetated clay soil cover to isolate the tailings, to prevent 

tailings from becoming wind-borne, and to minimize the infiltration of water to the tailings; 

and (v) the installation of a security fence to limit Site access. 

Based on available data from the Site and from similar tailings 

impoundments, Respondents believe that the tailings impoundment as currently closed 

does not unacceptably impact upon, and does not otherwise pose unacceptable risks to, 

human health or to the environment. Respondents further believe that final Site closure 

can be achieved without the implementation of further remedial measures. On the other 

hand, Respondents recognize that EPA and UDEQ have expressed concerns about Site 

conditions that the agencies believe must be addressed through additional Site 

characterization and possibly through the implementation of additional remedial measures. 

Therefore, Respondents propose to use the data collected to date concerning the Site 

(after an evaluation of its suitability for use in the RI/FS process) and the data derived 

from the proposed, Focused Remedial Investigation and Feasibility Study, to facilitate an 

evaluation of the effectiveness and appropriateness of the existing in-place remedies and to 

determine whether any further remedial measures are needed to support final Site closure. 

If and to the extent further remedial measures are required at all, Respondents believe 

that any appropriate final remedy for the Site should incorporate to the maximum extent 

practicable all existing elements of Site closure. 

The purpose of this Work Plan is to outline additional Site characterization 

·· work to be performed that will gather data to assist in the evaluation of the soundness and 

appropriateness of the existing remedies and, to the extent necessary, recommend 

additional remedial measures to support final Site closure. This and other data will also be 

presented for use by the EPA to perform a focused risk assessment. It will also be used in 

the Focused Remedial Investigation and Feasibility Study final reports both consistent with 

the Comprehensive Environmental Response, Compensation and liability Act of 1980 

("CERCLA") and the National Contingency Plan ("NCP") to support final site closure . 
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'Ibis Work Plan describes current knowledge about the Site and its history, 

su.mmarizes investigation and characterization work completed to date, presents a 

conceptual model of the Site, and describes the additional investigative, risk assessment, 

feasibility study, and community relations work to be performed. This Work Plan also 

presents a description of the anticipated reports and deliverables and a project schedule. 

2.0 SITE DESCRIPTION AND BACKGROUND 

The Richardson Flat Property covers approximately 700 acres in a small 

valley in Summit County, Utah, located one and one-half miles northeast of Park City, 

Utah. The tailings impoundment Site covers approximately 160 acres in the northwest 

comer of the Property and lies within the NW quarter of Section 1 and NE quarter of 

Section 2, Township 2 South, Range 4 East, Summit County, Utah. Figure 2.0 shows the 

Site boundary. 

In 1988, during the first proposal by the EPA to place the Site on the NPL, 

the site boundaries were limited to the impoundment area and adjacent lands. It did not 

include the area known as the floodplain tailings. The floodplain area, along with the Park 

City Municipal Landfill were evaluated as part of the work completed by the EPA in 1992 

in connection with EPA's second proposal to list the Site on the NPL 

For the purposes of this Focused RI/FS, the Site will include the area shown 

on Figure 2. The Park City Municipal Landfill is physically separated from and has no 

operational connection with the Site, and thus, is not a part of the Site for purposes of this 

focused RI/FS. 

likewise, the Focused RIJFS does not propose including the floodplain 

tailings as part of the Site. As noted more fully in United Park's comments to EPA's 

proposals to list the site on the NPL, there is no evidence linking the floodplain tailings to 

the Site. The flood plain tailings are located in an area that is upgradiant from the Site and 

on the other side of the railroad bed, a physical barrier that isolates the floodplain tailings 

from the Site. But more important, analytical data from the floodplain tailings indicate 
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that they are of a different nature and composition than the tailings deposited at the Site . 

~ of the evidence leads to the conclusion that the floodplain tailings are composed of 

upstream tailings mixed with the natural fluvial sediments in Silver Creek. The floodplain 

tailings originated upstream from the tailings located on the Silver Maple unpatented 

mining claims (BLM ownership) and the Silver Creek Tailings site (Prospector Square, 

Park City) and were carried downstream in Silver Creek to the floodplain. Therefore, the 

floodplain tailings area is also not a part of the Site for purposes of this focused RI/FS. 

2.1 Site Operational History 

United Park was formed in 1953, with the consolidation of Silver King 

Coalition Mines Company and Park Utah Consolidated Mines Company, both publicly 

traded mining companies at the time. Tailings were first placed at the Site prior to 1950. 

The mill tailings present at the Site consist mostly of sand-sized particles of carbonate rock 

with some minerals containing silver, lead, zinc and other metals. While few specific 

details are known about the exact configuration and operation of the historic tailings pond, 

certain elements of prior operations are apparent. It appears that from time to time, 

tailings were transported to the Site through three distinct low areas on the Property. Over 

the course of time, tailings materials also settled out into these three low areas that were 

ultimately left outside and south of the present impoundment area as constructed in 1973-

74. An embankment constructed along the western area of the Site also appears to have 

been in place as part of the original design and construction of the tailings pond, but few 

details are known of the original embankment. 

In 1970, Park Oty Ventures ("PCV''), a joint venture partnership between 

Anaconda Copper Company ("Anaconda") and American Smelting and Refining Company 

("ASARCO"), entered into a lease agreement with United Park to use the Property for 

disposal of additional mill tailings resulting from renewed mining in the area. PCV 

contracted with Dames & Moore to provide construction specifications for reconstruction 

of the Site for continued use as a tailings impoundment (Dames & Moore, 1974). The 
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State of Utah approved PCV's proposed Site operations based on Dames & Moore's 

d~sign, construction, and operation specifications. Before disposing of tailings at the Site, 

PCV installed a large, earth embankment along the western edge of the existing tailings 

impoundment and constructed perimeter containment dike structures along the southern 

and eastern borders of the impoundment to allow storage of additional tailings. See Figure 

2.0. PCV also installed a diversion ditch system along the higher slopes north of the 

impoundment and outside of the containment dike along the east and south perimeter of 

the impoundment to prevent surface runoff from the surrounding land from entering the 

impoundment. PCV also installed groundwater monitoring wells near the base of the main 

embankment, as part of the required approval process by the State of Utah. 

PCV conveyed tailings to the impoundment by a slurry pipeline from its mill 

facility located south of the Site. Over the course of its operations, PCV disposed of 

approximately 420,000 tons of tailings at the Site. In addition to developing construction 

specifications for the Site, Dames & Moore also provided PCV with operating 

requirements for the tailings pond and slurry line, that were also approved by the State of 

Utah as a requirement for operating the Site. Dames & Moore recommended, among 

other things, that PCV operate the slurry line in such a way so as to deposit tailings around 

the perimeter of the tailings impoundment and moving towards the center of the 

impoundment (Dames & Moore, 1974 at 21 ). This is also common operating practice in 

the industry. Unfortunately, PCV failed to follow the Dames & Moore requirement and 

operated the slurry line in such a way that a large volume of tailings were placed near the 

center of the impoundment in a large, high-profile, cone-shaped feature. After cessation of 

operations by Noranda in 1982, the presence of this cone-shaped feature of the tailings 

pond resulted in the prevailing winds cutting into the tailings and the tailings materials 

becoming wind-borne. Had the slurry line been operated according to the Dames & 

Moore specifications, the high-profile tailings cone would not have existed and prevailing 

winds would not have been a significant potential exposure pathway at the Site . 
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Between 1980 and 1982, Noranda Mining, Inc. ("Noranda") leased the 

miping and milling operations and placed an additional, estimated 70,000 tons of tailings at 

the Site. No new tailings have been placed at the Site since Noranda ceased its operations. 

2.2 Description of Existing Closure Measures and Elements 

Over the years, certain efforts have been taken at the Site that can be used to 

support final closure. More specifically, tailings at the Site are presently contained through 

a combination of man-made and natural factors, discussed below. 

2.2.1 Main Embankment and Containment Dikes. As explained above, the 

majority of the tailings at the Site are contained in a geometrically closed basin, with a 

large, earth, embankment (the "main embankment") in place along the western edge of the 

Site. The main embankment is vegetated and is approximately 40 feet wide at the top, 800 

feet long, and has a maximum height of 25 feet (Dames & Moore 1980, at Plate 2). The 

main embankment was designed to permit seepage of water from the impoundment to 

relieve hydraulic pressure on the embankment. In March of 1974, Dames & Moore 

recommended to PCV, and in November 1980, recommended to Noranda, that engineered 

seepage controls be installed at the base of the main embankment. (Dames & Moore 1974, 

1980 at 9 and 16, respectively) It appears that neither company followed this 

recommendation. A series of man-made containment dikes contain the tailings along the 

southern and eastern perimeter of the impoundment. The northern edge of the 

impoundment is naturally higher than the perimeter dikes. 

In 1980, Dames & Moore investigated the tailings impoundment structures 

for Noranda and noted that the main embankment was not constructed in accordance with 

its original design specifications and noted that it was oversteepened in some areas. 

Nevertheless, Dames & Moore did not have any immediate concerns about the stability of 

the main embankment at that time. While Dames & Moore did express reservations if 

additional tailings were added to the impoundment over a long period of time, Noranda 

ceased mining and milling operations in 1982 and no tailings or slurry water have been 
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disposed of at the Site since that time. Respondents agree with previous investigations that 

portions of the main embankment are oversteepened and were not constructed in 

accordance with original design recommendations. As part of the Focused RI/FS, 

Respondents will design an appropriate wedge buttress to address this problem. This work 

is further described in Section 5.6. 

2.2.2 Natural Underlying Oay Soils. Past geotechnical studies by Dames 

and Moore and the more recent Weston report indicate that the impoundment is underlain 

by native high clay-content soils with sufficiently low permeability to support closure in 

place for the tailings. Existing data demonstrates that there is no hydraulic connection 

between the tailings impoundment and underlying groundwater systems, as discussed in 

more detail in sections 2.4, 3.4, 4.4, and 5.5 below. 

2.2.3 Vegetated Soil Cover. During active operations at the Site by PCV 

and Noranda, tailings were slurried to the Site, using some 60 gallons of water per minute 

under normal operations. When Noranda ceased operations in 1982, the tailings pond was, 

for the most part, full of water and was too soft and unstable to get onto the impounded 

tailings with heavy equipment. Starting in 1983, United Park began placing soil cover on 

tailings outside of the impoundment, located in the three low areas south of the south 

diversion ditch (See Figure 2.0). By 1985, the tailings impoundment had dried out enough 

in certain areas to support heavy equipment and United Park began installing soil cover 

material over those portions of the tailings impoundment using soil from both the Park City 

area and from within the Property. The soil cover consists of clay-rich soil, with kaolinite 

being the predominant clay mineral (Weston, 1999 at 4). 

The soil cover was installed at that time in large part to prevent prevailing 

winds from cutting into the cone-shaped tailings feature left at the Site by previous 

operators. United Park focused its initial efforts on placing soil cover around the cone

shaped tailings feature to eliminate the possibility of wind-blown tailings from leaving the 

impoundment. Several feet of cover were required in areas around the cone-shaped 

feature in order to provide for a reasonable final grade of the impoundment. By 1988, 
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• work around and on the cone-shaped tailings feature had been completed and other areas 

of the tailings had begun to dry out enough to support additional work. United Park then 

began a more aggressive program to cover all exposed tailings. Drought conditions during 

the early 1990s created sufficiently stable conditions to allow United Park to complete the 

soil cover, even on areas that had contained, at times, ponded water. At least 12 inches of 

low-permeability, clay cover material is in place in the north-west area of the impoundment 

where ponded water occurred. Currently, there are no areas of exposed tailings material on 

the Site. The soil cover is also vegetated largely due to United Park's efforts to re-seed the 

area with appropriate plant species. 

The purposes of the soil cover are to prevent direct contact with the tailings 

material, to prevent tailings from becoming wind-borne, and to minimize the infiltration of 

surface water into the tailings materials. Although United Park believes the existing soil 

cover is sufficient to protect human health and the environment, United Park intends to 

confirm the lateral and vertical extent of the existing soil cover and will evaluate the need 

• for further remedial measures on the soil cover. This is further described in more detail in 

section 5.1, below. 

• 

2.2.4 Diversion Ditches. A diversion ditch system borders the north, south, 

and east sides of the impoundment to prevent runoff from the surrounding land from 

entering the impoundment (See Figure 2.0). Precipitation falling on the impoundment area 

creates the limited volume of seasonal surface water that can be seen on the Site. The 

north diversion ditch collects snowmelt and storm water runoff from upslope, undisturbed 

areas north of the impoundment and carries it in an easterly direction towards the 

upstream origin of the south diversion ditch. An unnamed ephemeral drainage to the 

southeast of the impoundment also enters the south diversion ditch at this point 

Additional water enters the south diversion ditch from other areas lying south of the 

impoundment at a point near the southeast comer of the diversion ditch structure (See 

Figure 3.3). This water consists of spring snowmelt and storm water runoff. Water in the 

south diversion ditch flows from east to west and ultimately empties into Silver Creek just 
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upstream of Highway 189 near the north border of the Property. Although a discrete flow 

of_ water from the south diversion ditch to Silver Creek is maintained only during the higher 

water periods of the year. 

In 1992 and 1993, United Park reconstructed the south diversion ditch by 

decreasing the slope of its banks from nearly vertical to a more gradual slope. United Park 

also placed a clay soil cover over the re-sloped banks of the south diversion ditch, down to 

and including areas of the banks undeiWater. The new banks were then seeded with 

appropriate varieties; presently, the existing ditch banks are vegetated United Park did 

not disturb the bottom of the ditch bed. Since doing this work, surlace water quality data 

has shown marked improvement from year to year and the downward trend in metals 

content measured in the surface water continues to this day (See Figure 3.2a ). In May of 

1999, United Park reconstructed the north diversion ditch along its entire length. United 

Park intends to continue to collect surface water quality and sediment characterization data 

from the south diversion ditch system, as described in more detail in section 5.4, below. 

2.2.5 Fencing. In the mid 1980s, United Park installed a fence along most of 

the Property boundary, including the entire impoundment and much of the property south 

of the impoundment in order to restrict and control access to the Site. United Park 

maintains the fence in good repair and United Park intends to continue to do so to control 

access to the Site until such time as limited access is no longer necessary, consistent with 

Property redevelopment. 

2.3 Regional Geology 

The Property lies within the Park City East Geologic quadrangle map as 

recorded by the U.S. Geologic Swvey (See Figure 2.1). Geologic maps at a scale of 

1:24,000 compiled by Crittenden and others (1966) and by Bromfield and Crittenden 

(1971) cover this and nearby quadrangles. Bryant (1990) provides a regiona11:100,000-

scale map of the area . 
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The Property is located within a complex fold and thrust belt that was later 

intruded and overlain by volcanic rocks. Sedimentary bedrock near the Property, dated in 

the Paleozoic to Mesozoic period in age, is overlain. by a thick layer of extruded volcanic 

rock, dips approximately 25 to 60 degrees to the north, and strikes generally northeast

southwest (Crittenden and others, 1966; Bromfield and Crittenden, 1971 ). The Tertiary 

gravels and volcanic rocks unconformably overlie Mesozoic sedimentary rocks. No known 

faults exist near the Site. 

Tailings on the Site lie on top of alluvial/colluvial sediments that are 30 to 50 

feet in depth and are the product of the erosion of the adjacent and underlying volcanic 

extrusives. Review of borehole data indicates that these sediments are comprised of: 

• 1\vo to five feet of soft, organic and clay-rich topsoil 

• One to 30 feet of various mixtures of fine-grained silt and clay 

• Four feet of sand and gravel 

• Variable thickness of highly-weathered, volcanic breccia composed of 

relatively soft, tight, sandy and silty clay, grading to moderately hard, 

slightly to moderately fractured volcanic rock. 

2.4 Regional Hydrogeology 

Hydrogeology in the area is characterized by shallow alluvial aquifers located 

in fine-grained, alluvial and colluvial material, and the deeper, Silver Creek Breccia 

bedrock aquifer located in the Keetley volcanics. Bromfield and Crittenden (1971) 

describe this unit of the Keetley volcanics as consisting of intermediate laharic breccias 

with less common flow breccias and interlayered tuffs. In the subsurface, the weakly 

consolidated Silver Creek Breccia is interlayered with sedimentary rocks. These 

sedimentary layers are more numerous toward the base of this unit and consist of quartzite, 

limestone, siltstone, and shale. 

· The shallow aquifers are generally encountered from fifteen to thirty feet 

below the ground surface, in confined and unconfined conditions, and located in gravelly 
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clay. Fine-grained, silty clays cover the top aquifer, and clay and silt separate the shallow 

aq_uifers from each other. The shallow aquifer structure appears to be consistent from 

south of the Site to Silver Creek on its northwest border. 

Recent exploratory drilling (designed to better assess groundwater resources 

for private entities) about 1.5 miles northwest of the Property indicates that the paragenetic 

relationship between the Tertiary volcanic rocks and associated sediments are complex. 

Wells located approximately three miles northwest of the Property in Sections 16 and 22, 

Township 1 South, Range 4 East, Salt Lake Base and Meridian (SLB&M) either flowed to 

the suzface following completion or had shallow static water. These wells indicate that 

confined to semi-confined aquifers comprise both shallow and deeper aquifer( s) within the 

Tertiary volcanic rocks and deeper associated sediments. Pump testing and monitoring of 

water levels in local wells that tap both the shallow and deeper aquifers indicate no 

apparent hydraulic communication between the shallow and deeper Tertiary volcanic rocks 

and associated sediments (Pers. Comm. Todd Jarvis, September 1999). 

The hydraulic conductivity, effective transmissivity, saturated thickness, and 

effective porosity for the Tertiary volcanic rocks and associated sediments were derived 

from nearby wells. Controlled aquifer test data are available for wells located in Sections 

16 and 22, Township 1 South, Range 4 East, SLB&M. Analysis of data collected from the 

well indicates that near-well transm.issivities approach 110 to 310 tr/day with lateral 

variations in aquifer permeability that both increase and decrease the aquifer's 

transmissivity (Weston, 1999). For example, Park City Municipal Corporation (PCMC) 

recently installed a test well in the southeast comer of Section 34, Township 1 South, 

Range 4 East, approximately one mile northwest of Property. The well was spudded on the 

weathered Keetley Volcanics with the underlying Thaynes Umestone as the targeted 

aquifer. However, the Thaynes Limestone was not encountered at the final drilled depth 

of 1,000 feet. While the exploratory boring developed water from the fractures in the 

unweathered Keetley volcanic rocks, the quantity of water that reasonably could be 

dev~loped from the Keetley Volcanics at this location was between 100 to 200 gpm with 
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long-term drawdown estimated at 250 to 300 feet (specific capacity= 0.33 to 0.4 gpm per 

fo~t of drawdown or a transmissivity of 30 to 50 ff /day). This yield was considerably less 

than the quantity desired by PCMC for a municipal water supply, and the well remains 

unused (Hansen, Allen & Luce, 1996, letter report to PCMq. 

Generally speaking, the hydraulic gradients in the shallow aquifers roughly 

parallel topography (i.e., from South to North) except near the southern boundary of the 

tailings embankment, where the diversion ditch causes the flow to change to the northwest 

(Weston, 1999 at 6). This northerly bearing orientation of the hydraulic gradient is 

consistent with regional trends mapped by Brooks and others (1998). Based on the 

artesian flow obsetved during the course of drilling the previously described wells located 

north of the Property, the unconsolidated sediments in this area have a low vertical 

permeability and local semi-confined to confined conditions (Pers. Comm. Todd Jarvis, 

September 1999). 

2.5 Surface Water 

Surface water is present at the Site in four areas in and around the Site. 

First, Silver Creek flows .along the west edge of the Property, over 500 feet from the main 

embankment. Second, the drainage ditch system surrounding the tailings impoundment 

seasonally collects runoff water flowing towards the impoundment and redirects it around 

the impoundment and into Silver Creek. This diversion ditch system also includes a pond 

in the southwestern portion of the Site and a .ditch traversing the hillside north of the Site. 

Surface water is also present in the form of ponded water in the northwestern area of the 

impoundment, having ponded over the clay soil cover over the impoundment. Finally, very 

small quantities of surface water are present in the form of a seep located near the base of 

and near the north end of the main embankment. 

Consideration of the fate and transport of the surface waters mentioned 

above is necessary to understand any impact that the Site may have on surface water 

quality in the area, including Silver Creek. Because ponded water on the impoundment is 
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• derived solely from precipitation falling directly on the impoundment, the volume of 

ponded water varies from year to year. Ponded water follows several pathways or possible 

fates from the impoundment. Nearly all water Joss can be attributed to evaporation and 

plant use within the pond. A small amount of the ponded water percolates through the 

underlying, low permeability soil cover and into the tailings. The ponded water never 

leaves the impoundment as a discrete surface flow. 

The north diversion ditch (which flows west to east) discharges into an area 

east of the impoundment where water may ultimately enter the south diversion ditch 

system (which flows east to west) into a pond and ultimately towards Silver Creek. In the 

spring, surface water in the south diversion ditch has enough flow to sustain a discrete flow 

to Silver Creek. In the later summer when water flows are the lowest, the water flowing 

from the diversion ditch is difficult to trace to Silver Creek as a discrete flow. It is likely 

that some of the diversion ditch water evaporates and is taken up by plants. The south 

diversion ditch generally stops flowing only in the late summer or fall on the easternmost 

• end of the ditch only. The south diversion ditch, however, never completely dries out so it 

does not appear that diversion ditch water infiltrates into the ground. Weston reports that 

• 

the diversion ditch serves as a hydraulic sink and may intercept groundwater (Weston 1999 

at 7). For this reason, it appears that late-season flow in the south diversion ditch is 

comprised of groundwater intercepted by the ditch. 

Water from the small seep at the base of the main embankment flows at a 

very limited rate, in the range of gallons per day. The exact flow rate has not been 

measured and cannot be calculated without stripping significant amounts of vegetation and 

organic matter from around the seep area and instailing a drain to collect the dispersed 

flow. However, it is clear that due to the low volume of water, a discrete flow is not and 

cannot be maintained long enough to reach Silver Creek, over 500 feet away. The small 

amount of water discharging from the seep is likely utilized by the surrounding vegetation 

or may evaporate . 
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• 3.0 PREVIOUS SITE INVESTIGATIONS 

Since the 1970s, PCV, Noranda, EPA, and United Park have conducted 

numerous environmental investigations relating to the Site. Beginning in the 1970s, PCV 

conducted groundwater, tailings pond, and embankment design studies that focused on the 

construction of containment structures that would accommodate additional tailings. In 

1980, Noranda conducted studies to determine the current condition of the impoundment 

and the potential for future enlargement of the impoundment. In the 1980s and early 

1990s, EPA conducted studies of groundwater, surface water, and air quality to determine 

whether Site contaminants posed sufficiently high threats to human health or the 

environment to require listing of the Site on the National Priorities List ("NPL"). United 

Park initially conducted studies in response to EPA's proposal to list the Site on the NPL. 

More recently, United Park has obtained data focusing on the characterization of Site 

hydrogeology and surlace water quality. 

EPA has proposed listing the Site on the NPL on two occasions. In 1988, 

• EPA proposed listing the Site on the NPL based on the Site's Hazardous Ranking System 

("HRS") score. After considering public comments, EPA ultimately declined to list the 

• 

Site. By 1992, the HRS scoring system had been revised. At that time, EPA rescored the 

Site and again proposed that the Site be placed on the NPL. Based on the new proposal to 

list the Site, the EPA Emergency Response Branch (ERB) conducted additional 

investigations on the Site and determined that conditions did not warrant emergency 

removal action. In 1994, the Agency for Toxic Substances and Disease Registry (ATSDR) 

in their "Preliminary Public Health Assessment Addendum on the Richardson Flat 

Tailings'' found that the Site posed "no apparent public health hazards due to past or 

present exposure." They did, however, consider Richardson Flat an "indeterminate public 

health hazard" in the future due to the potential for residential development on or near 

areas where significant levels of contamination may be found United Park's future land 

use plan includes provisions that residential development will not occur in these areas . 
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The EPA has yet to list the Site on the NPL, but the Site's listing on 

CERCUS remains in effect. While no formal regulatory action has occurred With respect 

to the Site since the second proposed listing, United Park has continued its efforts to 

investigate and close the Site by improving the soil cover, maintaining the diversion ditches, 

and collecting surface water and groundwater data. 

This section summarizes past investigation activities and existing Site data. 

The reports and data from these investigations are very useM in determining the scope of 

additional investigative activities needed to bring final closure to the Site. From 1985 to 

1988 and from 1992 to 1993, the EPA conducted and reported on investigations at the Site. 

Because past investigation actiVities by PCV, Norand.a and United Park were performed 

without EPA oversight, the results from such investigations will be ev.aluated as part of, and 

incorporated as appropriate into, the Focused RI/FS. 

3.1 Air Monitoring Investigations 

Due to concerns over wind-blown tailings resulting from the cone-shaped 

tailings feature created by past operators, EPA conducted air monitoring investigations on 

two separate occasions. Due to United Park's subsequent placement of the full, vegetated 

clay soil cover, data from these investigations are no longer directly relevant but are 

reported here to support United Park's proposed study of off-Site wind blown tailings. 

In 1985, when approximately 40 percent of all of the tailings on the Property 

had been covered with the soil cover, Ecology and Environment, Inc. (''E&E"), a contractor 

working for EPA, collected Site air data. Four high volume air samplers were located on 

or immediately adjacent to the tailings impoundment and one was located approximately 

one-half mile southeast of the Site. Data were collected at the Site over a five-day period 

and the filters from the samplers were analyzed for arsenic, cadmium, lead and zinc. A 

meteorologic station was installed at the Site and wind direction, air temperature, 

barometric pressure and relative humidity data were collected. The prevailing wind 

direction measured at that time was from the northwest to southeast (E&E, 1987 at 3) . 

15 



• 

• 

• 

According to E&Es analytical data, increases were noted for all metals 

measured in downwind versus upwind monitoring locations. Review of the data in Table 1 

of the 1987 E&E report shows that 52% of arsenic, 92% of cadmium, 17% of lead and 14% 

of zinc measured on the air filters at the Site were below the laboratory's detection limits. 

E&E again conducted air monitoring in 1992 at five locations. The 

installation of the cover within the impoundment had progressed to the point where all of 

the exposed tailings had been covered, with the exception of one area of tailings where salt 

grass and other native plant species were growing and had stabilized the tailings. These air 

monitoring activities showed no detectable levels of arsenic, cadmium or lead Trace levels 

of zinc were detected in four of the seventeen samples collected. There are no ambient air 

quality standards for zinc. The significant reduction in the concentration of target analytes 

from these two air-monitoring programs can be explained by United Park's efforts to cover 

the remaining areas of the impoundment. Since 1992, all of the exposed tailings in the 

impoundment have been covered, including the area where salt grass was growing . 

3.2 Tailings Cover Investigations 

As part of the EPA ERB investigations in 1992, E&E conducted a sUIVey of 

the depth of soil cover. E&E measured the depth of cover at 29 locations on a grid pattern 

of 400 x 400 feet. These locations are depicted on Figure 2, Appendix B. According to the 

E&E report (E&E, 1992at 4), a visual contrast was apparent between the soil cover and 

the gray colored tailings beneath the cover. X-ray fluorescence ("XRF') measurements for 

.. lead were taken at select locations to confirm the visual contrast where the distinction was 

not clear (see Appendix B, Table 1, for the soil cover data). E&E reported that much of 

the tailings either had soil or salt grass covering the exposed tailings. Generally, data from 

the 1992 study shows that the soil cover varied in thickness from less than six inches up to 

fourteen inches in depth in the areas E&E tested E&E did not test areas of thick cover, 

where as much as three feet of cover were present. Of the 29 points E&E measured, only 

one location had no soil or salt grass present. Subsequent to E&E's work, United Park has 
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placed additional soil cover in this and other areas of the impoundment to improve the 

tailings cover and support Site closure. 

As part of the recent hydrogeologic investigation by Weston (as discussed in 

section 3.4, below), data were collected on the soil characteristics of the tailings cover. 

Samples of the tailings cover soil were tested to determine classification and hydraulic 

characteristics. Soil cover samples were collected from three representative locations over 

the Site and were tested for moisture content and dry density. Based on this testing, the 

soil cover was classified as lean clay with sand Two of the three samples were also 

submitted for laboratory analysis to determine permeability. Laboratory testing indicated 

that the cover soil is highly impermeable, with permeabilities ranging from 3 to 7 x 10-s 

em/sec. These values roughly correspond to permeabilities typically measured in clay liner 

systems that are required to be installed at hazardous waste landfills. X-ray diffraction 

(''XRD") analysis of select samples indicated that the soil cover clay mineralogy closely 

matched the XRD peaks for illite and kaolinite. Kaolinite was the most prevalent clay 

mineral and it is stable with little tendency for volume change when exposed to water . 

Illite is generally more plastic than kaolinite and does not expand when exposed to water 

(Weston 1999 at 4). 

3.3 Studies of Tailings Impoundment Integrity and Stability. 

In 1974, PCV hired Dames & Moore to conduct an investigation of the Site 

and to develop construction specifications for reconstruction of the embankment in order 

to accommodate the placement of additional tailings materials. While PCV raised and 

reconstructed the embankment and installed the containment dike system, according to 

subsequent work performed by Dames & Moore for Noranda, PCV did not appear to 

follow the design specifications developed by Dames & Moore. In 1980, Dames & Moore 

conducted an impoundment integrity and stability investigation for Noranda, the then

current operator of the Richardson Flat tailings impoundment. The objective of that 

investigation was to assess the overall condition and usefulness of the existing facilities and 
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to detennine what measures would be required for long-term tailings disposal (Dames & 

Moore 1980 at 1). Dames & Moore noted several construction flaws during the 1980 

investigation, specifically noting that the main embankment was oversteepened in some 

locations. Dames & Moore concluded that while it did not have any immediate concerns 

regarding the stability of the main embankment and containment dikes, it did have 

concerns regarding the use of the Site to dispose of additional tailings. 

In 1992, E&E examined the tailings impoundment for EPA Although E&E 

noted that the main embankment generally was not constructed according to the 1974 

recommendations of Dames & Moore, E&E concluded that there appeared to be no 

immediate threat of gross failure of the tailings containment structure. 

3.4 Groundwater Investigations 

In the early 1970s, PCV began to collect .groundwater data at the Site. Since 

that time, both EPA and United Park have investigated groundwater conditions at the Site. 

In 1973, PCV installed three monitoring wells (MW-1, MW-2 and MW-3) at the bottom of 

the main embankment. In 1976, PCV installed three additional wells (MW-4, MW-5, MW-

6). Figure 3.3 shows the well locations. It appears that PCV buried monitoring well MW-2 

in 1976 during installation of the three new wells. Thus, five groundwater monitoring wells 

are located near the toe of the embankment. The boring and well completion logs for 

these five wells can be found in Appendix D and are summarized below. 

• MW -1 was drilled to a depth of 35 feet below the ground surface ("bgs"). 

Bedrock was encountered from 14.5 feet bgs to the total depth drilled. Well 

screen and gravel pack were installed from 24 to 34 feet bgs. 

• MW-2 was drilled to a depth of 21 feet bgs; bedrock was encountered from 

11 to 21 feet bgs. Well screen and gravel pack were installed from 3 to 9.5 

feet bgs. (This well was destroyed during the installation of MWs-4 through 

6 in 1976) . 
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• MW-3 was drilled to a depth of29 feet bgs; and bedrock was encountered 

from 5.8 to 31 feet bgs. Well screen and gravel pack were installed from 2.5 

to 25 feet bgs. 

• MW-4, MW-5, and MW-6 were drilled to 4.0 feet, 6.1 feet and 6.1 feet bgs, 

respectively. Boring and completion logs for these wells are not available. 

Since 1973, PCV, and later, United Park, have collected data quarterly from 

these embankment wells. Table 3.2 presents groundwater data collected by United Park 

from 1982 to 1987 and 1991 to 1998 from these monitoring wells. 1 Data presented in Table 

3.2 shows that the water quality has steadily improved in the monitoring wells generally 

over time. However, there are some anomalies that are readily apparent. For instance, in 

September of 1998, pH levels between 2.7 and 4.1 were noted for MW-4 and MW-5, 

respectively. Although these are relatively low pH values and could be indicative of a 

change in water chemistry in these two wells, it is interesting to note that dissolved zinc 

concentrations measured in MW-4 for the same time period were an order of magnitude 

lower than for the measurement in June of 1998 when the pH was 7.1 In MW-5, the 

dissolved zinc concentrations were similar between June and September of 1998 and the 

pH values were 7. 7 and 4.1, respectively. Both of these wells are completed within the first 

six feet of the ground surface. Thus, it is likely _that the water that is monitored here is 

vadose zone water that is highly oxidigenated. The oxidigenated water will have a highly 

variable water chemistry depending on the hydrogeologic characteristics of the subsurface 

soils. A definitive trend in the water chemistty is not apparent. As part of additional 

studies planned for the Site, United Park will review the historical data and determine the 

suitability of wells MW -4, MW -5 and MW -6 as groundwater monitoring wells. In 1985, 

Groundwater data from the main embankment wells for the years 1988 to 1990 
are not readily available to United Park and as a result are not reported herein. 
United Park is attempting to locate data from 1988 to 1990, if it is located, and will 
report it as part of the Rl/FS Report, discussed below . 
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• E&E collected groundwater samples from one upgradient well and two wells located 

downgradient of the main embankment.2 E&E installed the upgradient RT-1 monitoring 

well. The two downgradient wells were existing wells installed by PCV around 1974 and 

1975.3 

In 1992, EPA hired E&E to conduct an additional groundwater investigation. 

The 1992 groundwater data collected revealed a similar trend as shown in the 1985 E&E 

study. E&E collected groundwater samples from the Site at three locations, referred to as 

RF-GW-04 (EPA well RT-1), RF-GW-05 (United Park location MW-1) and RF-GW-09 

(United Park location MW-6). Table 3.3 compares the data collected by EPA in 1984 and 

1992 with data collected from the same wells by United Park in 1998. Review of the data 

collected from RT-1 in 1984 and 1992 reveals that water quality appears to have 

deteriorated at this location over time. Some dissolved metal concentrations have 

increased from 1984 to 1992. The 1992 data contains soine anomalies that suggest either 

the sample was contaminated or there were some analytical errors; dissolved metal 

• 
2 According to the E&E sampling report, United Park wells MW-1 and MW-2 
were sampled. However, this was not the case: MW-1 was most likely sampled and 
MW-5 or MW-6were sampled since MW-2 was believed to have been buried during 
the installation of MW-4, MW-5 and MW-6 (see Plate 1, Appendix A). United 
Park's 104(e) response to EPA in 1988 did not contain data for MW-2. The data 
record submitted to EPA covered the time period from 1982 to 1987. Therefore, 
E&E could not have sampled MW-2 at that time. 

• 

3 While E&E compared the upgradient and downgradient metals concentrations 
in order to determine if the tailings materials were impacting groundwater beneath 
the impoundment, comparison of this data is not appropriate. Further analysis of 
the well completion logs for RT-1 and MW-1 compared to the total depth of wells 
MW-5 or MW-6 reveals that RT-1 was screened in both the upper and lower 
shallow aquifers. MW-1 is screened in the bedrock aquifer and wells MW-5 and 
MW-6 are screened in the vadose zone. Comparing data from these wells is not 
accurate since all the wells are completed in different aquifers. E&E reported that 
downgradient metals concentrations were elevated as compared to upgradient 
concentrations. However, in 1985, only manganese exceeded National Interim 
Primary (NIP) drinking water standards. (E&E 1985) . 
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concentrations are greater than the total for antimony, copper, and silver. The change in 

water chemistry over the eight-year time period is difficult to explain at this time. The well 

is completed in two aquifers, and thus, there is likely a mixing of water between the two 

water bearing zones. During site visits in early 1999, it had been observed that the 

wellhead integrity had been compromised, apparently by vandals. It is not known if this 

damage had occurred in 1992. As a result, surface contaniination may have impacted water 

quality. The well was installed by E&E in 1984, and therefore, is the property of the EPA 

United Park does not sample this well. United Park believes that the well should be 

abandoned according to proper procedures because of the intermixing of the two aquifers 

and the breach in the wellhead integrity. 

In 1999, United Park hired Weston Engineering, Inc. ("Weston") to conduct 

a supplemental hydrogeological investigation of the Site. This study represented the most 

extensive groundwater investigation conducted to date to better understand groundwater 

systems on the Property. Weston evaluated historical Site and regional data to derive a 

hydrogeological conceptual Site model (see Appendix A). In the course of its investigation, 

Weston also installed eleven additional piezometers throughout the Property (see Plate 1, 

Appendix A). Boring logs from the piezometer installation verified the existence of two 

aquifers associated with the Property. Water level data collected from the piezometers 

indicates that the two aquifers are confined and are separated from one another by a 

significant layer of stiff, clay-rich material. The upper aquifer is overlain by approximately 

15 feet of reddish-brown mixtures of silt and clay. An additional two to five foot layer of 

clay-rich soil overlies this layer of clay-rich material (Weston, 1999, at 4). The local 

geology has greatly influenced the types of soils that have developed on the Property. The 

altering and weathering of Keetley volcanics, which form the surrounding hills, have 

provided the source material for soil development. The abundant clays that result from the 

alteration and weathering of the Keetley volcanics form the bulk of the natural alluvial 

material as well as the soil within the Property. Percolation tests conducted on this 

volcanic soil that was borrowed to cover the tailings within the impoundment indicates that 
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• it has very low permeability, 3 to 7 X 10"8 em/sec. Water level data collected after the 

installation of the piezometers and subsequent water level measurements indicate that the 

water levels in the two aquifers varies seasonally, with higher water levels occurring in the 

Spring. 

The data reported by Weston was not available to earlier Site inspection 

teams and other agencies that previously evaluated the Site. Studies by Dames & Moore 

identified the presence of clays in the naturally-occurring material at the Site. It was not 

until Weston's investigation that the extent and significance of the natural clay material 

underlying the Property was known. The existence of two to five feet of clay-rich topsoil 

and the presence of the large area of silt and clay that overly the upper aquifer represent a 

significant barrier to the vertical migration of any water from saturated tailings. 

3.5 Investigations of Surface Water Quality 

United Park has collected surface water quality data at the Site since 1975. 

• Data from 1982 to 1988 are presented in Table 3.1. Samples were collected from locations 

upstream and downstream of the confluence of the south diversion ditch with Silver Creek. 

Also, samples were collected from water that runs in the diversion ditch as it passes 

through the Site. Figure 3.1 shows the sample locations. 

• 

A review of the historical and recent data from these three sampling points 

demonstrates that since the time that United Park's re-grading and covering of the banks of 

the south diversion ditch (1992-1993), water quality has steadily improved both in the south 

diversion ditch at the point where it leaves the Site and in Silver Creek below the Site (See 

Figures 3.2 and 3.2a ). The data also demonstrates that although some metals are present 

in upgradient areas in the south diversion ditch, by the time the water discharges to Silver 

Creek, metal levels have decreased significantly. 

In 1999, United Park initiated a surface water sampling program designed to 

characterize water chemistry in the south diversion ditch and Silver Creek near the Site. 

Table 3.4 presents the data collected in 1999; Figure 3.3 shows the 1999 sample locations; 
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• and Table 5.2lists the analytical parameters that were measured in surlace waters in and 

aro~d the Site. Samples were collected at eleven locations in May and June of "1999 

during the spring snowmelt and runoff season (designated RF-1 through RF-10 on Figure 

3.3). Samples were collected and analyzed for full suite parameters as shown in Table 5.2 

at RF-1 and RF-3 (See Figure 3.3) on the unnamed drainages that flow into the south 

diversion ditch. Samples were collected in May and June of 1999 at RF-2, RF-4, RF-5 

and RF-6 on the south diversion ditch. Samples RF-2 and RF-6 were analyzed for full 

suite parameters and RF-4 and RF-5 were analyzed for total and dissolved metals. 

Samples RF-7, RF-7-2, RF-8 were collected from Silver Creek and analyzed for full suite 

parameters. Location RF-9 is the ponded water that exists on the tailings impoundment 

this sample was analyzed for full suite parameters. Sample location RF-10 represents 

background water quality from the south unnamed drainage near the county road along the 

eastern boundary of the site. RF-10 was sampled one time and will not be sampled in the 

future. Sample locations RF-3 and RF-3-2 will replace RF-10. Samples were collected 

• monthly at three locations (RF-6, RF-7~2 and RF-8) from July to November of 1999. Full 

suite analyses consisted of major cations and anions, metals and field parameters. Target 

• 

metals were arsenic, cadmium, chromium, copper, lead, mercury, selenium, silver and zinc. 

Field parameters were flow, pH, conductivity and temperature. 

Table 3.4 presents the 1999 data in three categories. The first category 

compares the data to aquatic wildlife criteria, the second category gives the general water 

chemistry data, and the third category compares the data to water quality standards for a 

Oass lC stream (this is the classification for Silver Creek). The aquatic wildlife standard 

is based on hardness in the water. Therefore, the standard will have a different value 

depending on hardness at each location. Metal data presented in the first category are 

compared to hardness-dependent aquatic wildlife criteria. Protection of Aquatic Wildlife 

Criteria is the most stringent regulatory standard for comparison purposes. In other words, 

if the metal concentration is less than the aquatic wildlife criteria, then that metal 

concentration will be Jess than the applicable water quality standard. Examination of the 
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• first category of data presented in Table 3.4 reveals that for all of the metals measured only 

zi~c and mercury exceed the aquatic wildlife criteria. Zinc exceeds both the acute and 

chronic criteria in samples collected upstream in Silver Creek (RF-7 and RF-7-2) and 

downstream (RF-8) of the south diversion ditch confluence. Zinc concentrations 

measured in the diversion ditch (RF-6 and RF-6-2) are well below the aquatic wildlife 

criteria. 

Mercury concentrations measured in 1999 were all below the laboratory 

detection limit of 0.0005 mgll at all of the sample locations. The acute aquatic wildlife 

criteria is 0.0024 mgll and the chronic criteria is 0.000012 mgll. Therefore, measured 

mercury concentrations were below the acute criteria. EPA recently promulgated 

laboratory method 1631 that establishes a standardized procedure to measure mercury at 

the 2-3 part per trillion range. 

4.0 PRELIMINARY SITE MODEL 

• Based on previous and current environmental studies and existing Site 

• 

conditions, Respondents have developed a preliminary model of the Site. A Conceptual 

Site Model will be developed in coordination with EPA's toxicologist using information 

presented in the preliminary site model. The Conceptual Site Model will also be used to 

assist in the evaluation of the appropriateness of the existing remedies and, to the extent 

necessary, in the development of additional remedial measures to support final Site 

closure. The preliminary site model has been developed to portray existing site conditions 

and more recent data and information that have been developed by United Park. The 

preliminary site model is described below and graphically portrayed in Figure 4.0, and will 

be used to evaluate the need for additional Site characterization work to be performed as 

part of the Focused RI/FS. After the Conceptual Site Model is derived, it will be updated 

and refined as additional data are gathered during the Focused RI and, with input from 

EPA, will be used to support EPA's preparation of the baseline risk assessment. 
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4.1 The Tailings Impoundment 

The tailings impoundment can be visualized as a semi-rectangular shaped, 

geometrically closed basin, with a man-made main embankment on the west edge and 

perimeter containment dike system along the south and east sides and a sloping natural 

surface forming the fourth side. See Figure 2.0. The main embankment is located along 

the western dimension of the impoundment. The tailings impoundment structure isolates 

and contains variably thick, slimy and sandy mill tailings materials. The impoundment is 

covered with high clay-content, vegetated soil. The tailings have been deposited on thick 

layers of native, clay-rich soils. Metals present in the tailings material are the primary 

potential sources of contaminants at the Site. Geochemical data collected during air 

monitoring conducted in 1984 by E&E for the EPA characterize the tailings as metal 

sulfide materials. Such compounds, when found in a neutral pH environment such as exists 

at the Site, are not easily degraded and are particularly stable. As appropriate, modeling 

techniques may be used during the FS to evaluate the long-term chemical stability of the 

materials within the impoundment to support final closure of the Site 

The clay-rich soils underlying the impoundment formed the original ground 

surface topsoil materials that existed at the Site prior to the deposition of the tailings. 

Permeability data reported by Weston indicate that these underlying clay soils have a low 

hydraulic conductivity, ranging from 0.001 to 5 ftlyear. The clay soil cover materials have 

permeabilities ranging from 0.031 to 0.072 ftlyear (Weston, Table 1, page 7, 1999). A 

diversion ditch system prevents most storm water from entering the impoundment from off

Site sources, as explained more fully below in Section 4.3. 

4.2 Other Taili.ogs Materials 

Some tailings materials are present outside and to the south of the current 

impoundment area. During historic operations of the tailings pond, tailings materials of 

varying thickness accumulated in three naturally low areas leading to the property that 

eventually became the impoundment . 
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In the 1970s, when PCV constructed the perimeter dike and diversion ditch 

along the south perimeter of the impoundment, tailings present in the three low· areas were 

left in place, outside of the present impoundment. Starting in 1983, United Park covered 

most of these tailings outside of the current impoundment with the same kind of low 

permeability, vegetated soil cover United Park also placed over the tailings impoundment. 

Other types of clean fill material, imported from construction work in Park City, was also 

used to cover the tailings outside of the impoundment. Because these areas were naturally 

low, the cover in some of these areas is as thick as 10 to 15 feet. Data from the Weston 

Report indicates that the same underlying, natural soil conditions exist in these locations as 

beneath the impoundment. 

As explained more fully in Section 5.2, below, United Park will estimate the 

areal and vertical extent of tailings outside of the impoundment. United Park will also 

study any adverse impacts the tailings materials may have on surface water in the south 

diversion ditch. With this information, United Park will evaluate the necessity and the 

feasibility of excavating these off-impoundment tailings and cover materials and placing the 

same within the impoundment. 

4.3 Surface Water 

As noted above, surface water is present in four areas in and around the Site. 

First, Silver Creek flows along the west edge of the Property, over 500 feet from the main 

embankment. Second, the drainage ditch systems surrounding the tailings impoundment 

seasonally collect runoff water flowing towards the impoundment and redirect it around the 

impoundment and towards Silver Creek. Surface water is also present in the form of 

ponded water in the northwestern area of the impoundment, having ponded on the surface 

of the clay soil cover. Finally, very small quantities of surface water are present in the form 

of seeps located near the base of and near the north abutment of the main embankment. 

Ponded water on the surface of the soil cover within the impoundment is 

derived solely from precipitation falling directly on the impoundment. The amount of 
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water ponding on the surface of the impoundment varies from year to year. Ponded water 

fo~ows several pathways or possible fates from the impoundment. Nearly all water loss can 

be attributed to evaporation and plant use within the pond. A small amount of the ponded 

water likely percolates through the underlying, low permeability soil cover and into the 

tailings. The ponded water never leaves the impoundment as a discrete surface flow. It is 

highly unlikely that surface water would ever fill the basin within the impoundment. Even 

if large amounts of water ended up on the impoundment for some unlikely reason, studies 

indicate that the area within the impoundment has sufficient capacity or ''freeboard" to 

contain the 100-year/24-hour precipitation event, thus eliminating the possibility of 

overtopping (Dames & Moore, 1980 at 12, Alliance Engineering 1999). But even if the 

tailings impoundment were to ever overfill with water for some unlikely reason, excess 

water would flow to the lower, east end of the containment dike system, near the east end 

or point of origin of the south diversion ditch system. Water from an overtopping event 

would not flow west across or cut into the main embankment. 

The north diversion ditch (which flows west to east) discharges into an area 

east of the impoundment where water may ultimately enter the south diversion ditch 

system (which flows east to west) towards Silver Creek. Water from the south diversion 

ditch flows west and collects in a pond located in a historic excavation where materials 

were removed for use in the construction of the main embankment during 1973-74. The 

grade of the south or main diversion ditch is low, and therefore, the velocity of water 

flowing through the ditch does not cany enough energy to erode the channel. Where 

higher water velocities do occur in the ditch, rip-rap or vegetation is present to minimize 

any potentially-adverse impacts to the ditch banks due to erosion. The ditch is well

vegetated by common wetland species such as cattails and willows. This vegetation helps to 

buffer the banks from erosion and also serves to decrease water velocity, thereby 

eliminating potential erosion problems. 

In the spring, surface water in the south diversion ditch bas enough flow to 

sustain a discrete flow to Silver Creek. In the later summer when water flows are the 
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• lowest, the water flowing from the diversion ditch is difficult to trace to Silver Creek as a 

discrete flow. Some of the diversion ditch water evaporates and is taken up by plants. As 

noted above, the south diversion ditch never completely dries out and it does not appear 

that diversion ditch water significantly infiltrates into the ground. If the diversion ditch is 

acting as a hydraulic sink, it may be intercepting groundwater. 

The seep at the base of the main embankment generates a very small flow of 

water, in the range of gallons per day. Due to the low volume of water, a discrete flow is 

not and cannot be maintained long enough to reach Silver Creek, over 500 feet away. The 

existence of the seep is consistent with the design of the tailings impoundment. As noted 

above, the main embankment was designed to allow seepage as necessary in order to 

alleviate the build-up of hydraulic pressure from within the impoundment. No data 

indicate or even remotely suggest that a potential soil piping failure may occur at the point 

of the seep. The physical characteristics of the seep have remained constant since it was 

first observed at the Site. Seepage water has not been observed to carry sediment and has 

• been occuning at a very low flow rate that has not increased over time. 

• 

While seasonal runoff water from the south diversion ditch reaches Silver 

Creek during the spring and summer months of the year, United Park believes the data 

establish that water quality in the south diversion ditch has been steadily improving for the 

past decade. This has been clearly evident after United Park completely covered the 

tailings inside of the impoundment and re-graded and covered the banks of the south 

diversion ditch in 1992. This trend toward improved water quality not only reflects United 

·· Park's remedial efforts taken at the Site, but also the change in Site conditions from the 

more dynamic status as an operating tailings pond (receiving hundreds of thousands of 

gallons of water and thousands of tons of tailings per week) to a large parcel of land that 

only receives water from snow melt or rain. However, additional characterization of the 

water and wetlands in this ditch will be performed to address the long-term ability of the 

wetlands to continue to improve water quality. The scope of the additional 

characterization is discussed in Section 5.4 . 
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In addition, recent water quality data provides sufficient parameters upon 

which United Park has evaluated the impacts of the tailing impoundment on Silver Creek 

water chemistry. United Park has used existing data in a simple mixing calculation to: (1) 

determine if discharges from the diversion ditch are impacting Silver Creek and (2) if such 

impacts are occurring, then determine what further detailed modeling and data 

requirements would be required to examine the impacts to Silver Creek. The mixing 

"model" is described in detail in Appendix C. This model has essentially calculated waste 

loads to Silver Creek from the diversion ditch and embankment seeps under four different 

scenarios. First, it is assumed that Silver Creek meets ambient water quality ("A WQ") 

standard for zinc. Modeling is then completed on the diversion ditch and the main 

embankment seep to determine what the metals loading in these two sources of water 

would have to be in order to assure that Silver Creek does not exceed standards. Second, 

modeling is done using actual values for both the seep and diversion ditch. The actual 

metal concentrations in Silver Creek are calculated in this scenario. The third scenario 

makes the assumption that Silver Creek contains no zinc or 0.00 mgll. The fourth scenario 

assumes that most of the loading from tailing impoundment is eliminated. 

Using available data, the calculations establish that any metal load 

contributions made by the south diversion ditch and, potentially, by the main embankment 

seep, do not adversely impact Silver Creek, even when Silver Creek is presumed to contain 

no metals. Stated differently, the load contribution to Silver Creek from the south 

diversion ditch (and to the extent relevant, from the main embankment seep) is not 

significant enough to cause an effect on the quality of water in Silver Creek. The 

contribution of the low metal concentrations from the Site do not .cause Silver Creek to 

exceed surface water quality standards for the State of Utah, even if it is presumed that 

Silver Creek contains no metal. In summary, by utilizing waste-load calculations similar to 

those used on an NPDES permitted discharge, it can be shown that the south diversion 

ditch and main embankment seep -do not have enough flow or metal loading to cause Silver 

Creek to exceed water quality standards. United Park recognizes that water quality in 

29 



• Silver Creek does not meet the standards for a variety of uses. However, United Park 

believes that zinc concentrations obsetved in Silver Creek are not a result of waters flowing 

from the south diversion ditch and the main embankment seep from the Site. Through the 

RifFS process, this modeling will be updated with newly acquired data and reevaluated, as 

appropriate, to assure that it is representative of existing conditions. 

• 

• 

4.4 Groundwater 

Recent and historic data establishes that there are at least four shallow 

groundwater systems associated with the Richardson Flat area : 

• The impounded tailings 

• Relatively shallow alluvium with possibly a perched water table 

• Deeper alluvium composed of confined sand and gravel aquifer(s) 

• The underlying and adjacent fractured Keetley volcanic rocks 

(Weston 1999, at 2) . 

Tailings were initially placed on native, clay-rich topsoil that was the original 

ground surface prior to the deposition of tailings. (Weston, 1999; see Figure 3.0). Water is 

also present in the tailings from the tailings slurry transport system and the limited 

percolation of storm water and snowmelt through the existing soil cover. The underlying 

low permeabilit;y clayey soils effectively create a barrier to the vertical movement of 

groundwater from the tailings impoundment to the underlying shallow alluvial or bedrock 

aquifers. (Weston 1999, at 6). 

Within the immediate area of the impoundment, groundwater flow in the 

bedrock aquifer monitoring well {MW -1) is reported as quite low. (Dames & Moore, 1973 

at 4 ). Based on limited but useful data, the groundwater flow in the deeper volcanic 

bedrock aquifer does not appear to be significant, either. Weston reported (see Appendix 

A, page 3) that a test well located approximately one mile northwest of the Site was 

completed to a depth of 1,000 feet into the volcanic bedrock aquifer. The well produced 
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insignificant water for use as municipal water supply. Transmissivities ranged from 30 to 50 

ff_lday for this well. (Weston, 1999, at 3). 

4.5 Identification of Potential Contaminant Migration Pathways 

Based on data collected to date, Respondents have identified three potential 

contaminant migration pathways. First, releases to the air as the result of wind-blown 

dispersion of tailings materials occurred in the past. This pathway has been eliminated 

because the tai1ings within the impoundment are covered with a soil and vegetative cover. 

Existing data suggests that the high clay-content soil cover is relatively impermeable, is 

stable, and is suitable to prevent direct contact with, and wind dispersion of, the underlying 

tailings materials. United Park proposes to conduct additional field work to confirm the 

thickness and effectiveness of the soil cover in order to determine whether additional 

remedial measures are needed to achieve final site closure, as descnbed in more detail in 

section 5.2, below. 

Second, Respondents understand that EPA has raised concern over potential 

releases to groundwater as the result .of leaching metals from the tailings and hydraulic 

connectivity between saturated tailings and Site groundwater systems. Tailings materials 

and the substances leached therefrom would be the primacy source of potential 

contamination to the groundwater. The potential exposure route for terrestrial or aquatic 

biota would be ingestion of surface water that has been affected by contaminated 

groundwater. 

Tilis second potential contaminant migration pathway is inconsistent with 

existing, natural Site conditions. Low-permeability, native clay soil is continuous beneath 

the impoundment, as illustrated in Figure 4.0. Mineralogical data on the underlying soils 

indicate that the clay layer is comprised of a mixed clay mineral (i.e., mixed mica and illite 

or smectite). Based on recent studies by Weston, Respondents believe that existing data 

establishes that it is unlikely that leached metals would migrate through the significant clay 

soil layer and into the underlying shallow aquifer because of the low permeability of the 
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soil layers underlying the tailings. The tailings are derived from mineralized bodies that 

• are hosted in carbonate or carbonate-rich rocks. These materials have a high buffering 

ability to counter any acid that might form as the result of sulfide degradation. Finally, 

there are no drinking water wells completed in the shallow or deep alluvial aquifers on or 

near the Site. Additional effons will be undertaken as part of the Focused RI to further 

confirm this as discussed in Section 5.5 below. 

• 

• 

The thir-d potential contaminant migration pathway consists of releases to 

surface water as the result of leaching of metals from the tailings materials. As with 

groundwater, tailings materials are the primary potential source of contamination of 

surface water. With the possible exception of the bottom of portions of the south diversion 

ditch and the small amount of water discharging from the seep at the base of the main 

embankment, surface water does not come into direct contact with the tailings materials. 

While a potential contamination pathway to surface water exists in portions of the south 

diversion ditch and in the seep at the base of the main embankment, existing data also 

suggests that neither pathway is having any adverse impact on the water quality or the 

general water chemistry, including zinc concentrations, in Silver Creek. Nevertheless, 

United Park will conduct additional surface water characterization work to further evaluate 

the condition of the southern diversion ditch and to evaluate any impacts caused or 

potentially caused through the surface water contaminant migration pathway, as described 

in more detail in section 5.4 below. 

5.0 SUPPLEMENTAL REMEDIAL INVESTIGATION WORK 

As summarized in Section 3.0 above, extensive investigation work has already 

been completed at the Site. Moreover, .over the years, United Park and others have taken 

actions to support final closure of the Site, including the installation of a soil cover over the 

tailings, drainage ditches, and a security fence. In order to evaluate the need for any 

further remedial measures to support final Site closure and to assure that the existing 

remedies in place are adequate and have longevity, United Park proposes conducting the 
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following remedial investigation work. This Section describes and discusses tb,e rationale 

and scope of the proposed work, including a description of applicable data quality 

objectives. 

5.1 Tailings Cover Investigation 

Since 1983, United Park has been placing soils over the impounded tailings 

in an effort to control wind-blown dust from exposed tailings. The tailings are now entirely 

covered with a vegetated, clay soil cover. Additional studies on the tailings cover will 

gather data to support evaluation of the following: (i) the minimization of surface water 

infiltration into the tailings embankment; and (ii) the adequacy of existing cover to support 

final site closure, consistent with contemplated future redevelopment of the Site and the 

adjacent Property. To that end, Respondent will gather sufficient supplemental.data in 

order to meet the following objectives: 

• Confirm the lateral and vertical extent of the existing taiJings cover; 

• Determine the technical specifications for any additional cover, if 

needed; 

• Determine the specifications for suitable borrow material; 

• Determine revegetation requirements, if needed; 

• Determine surface gra<li.ng requirements to impr-ove drainage, if 

needed; and 

• Evaluate whether or not there are any unacceptable health risks 

associated with potential exposure to the tailings cover materials. 

Respondents will confirm the lateral and vertical extent of the soil cover by 

using data collected by E&E in 1992 as a baseline and collecting new soil samples on a 500 

by 500 foot grid. Following procedures similar to those E&E used in 1992, Respondents 

will dig shallow excavations either with shovels, hand augers or backhoes, if necessary, until 

the tailings are exposed. Visual observations of the contact between the cover soils and 
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• tailings will be used to document the depth of the soil cover at each grid point.. The tailings 

materials are sufficiently different in grain size and color from the cover materials to 

permit use of a visual identification method to differentiate between tailings and the soil 

cover. The cover soils are characteristically identified as a reddish-brown clay material 

while the tailings are characterized as a gray silty-sand material. Verification of the visual 

method will be conducted by collecting samples at ten-percent of the sample points and 

submitting them for laboratory analysis. The samples will be collected from the cover 

material at the surface (0 to 1 inch) (such that EPA can assess potential health risks as a 

result of exposure to such cover materials) and just above the tailings interface (to assess 

the vertical extent of the tailings cover). The samples will be analyzed for metals noted in 

the Analytical List for soils shown in Table 5.2. Figure 5.0 shows the sampling grid, and 

Figure 2 in Appendix B shows the 1992 sample locations. Respondents will undertake 

additional work, as necessary, if the findings from the proposed work prove to be 

insufficient to meet the above-mentioned objectives. A Sample and Analysis Plan (SAP) 

• that specifies the sample and analytical methods for this and subsequent work described in 

Section 5.0 will be submitted to EPA within 60 days of the effective date of the AOC . 

• 

Based on the results of the sampling and evaluation of health risks, if any, 

Respondents will evaluate (i) the need for additional cover material to supplement existing 

cover (including but not limited to evaluation of soil type, thickness, permeability, and 

compaction requirements); (ii) vegetation and revegetation requirements; and (iii) surface 

drainage requirements. 

5.2 Off-Impoundment Tailings Investigation 

Tailings are present in three naturally low areas south of the present south 

perimeter containment dike and south diversion ditch. See Figures 2.0 and 3.3 

Respondents propose to use historical aerial photographs to determine the areal extent of 

off-impoundment tailings materials. Respondents will also estimate the vertical extent of 

tailings and cover material using existing historical information and limited borehole data . 
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• Respondents will also study whether or not shallow groundwater is moving thr~ugh these 

tailings and is potentially intercepted by the south diversion ditch. At a minimum, United 

Park will install three (3) borings in the low lying areas in locations shown on Figure 3.3. 

The borings will be drilled down to the tailings/soil interlace. If groundwater is 

encountered, the borings will be converted to monitoring wells. Data from the borings will 

be used to determine the thickness of tailings. Additional borings may be installed to 

better define the lateral and vertical extent of the off-impoundment tailings, if additional 

information is required. Such additional information may be necessary if it were 

determined that these tailings are adversely impacting the ground or surface water quality 

so as to require removal of the tailings. A surface water elevation datum will be installed 

at the south diversion ditch near RF-4 in the event that the monitoring wells are installed. 

Groundwater elevations in the monitoring wells would be compared to the surface water 

elevation measured near RF-4 to better quantify and qualify the interaction between the 

two systems. Respondents will use this additional data to determine the approximate 

• volume of tailings located south of the impoundment, and whether these tailings are having 

any potential, adverse impact on the water quality in the south diversion ditch. 

Respondents will further use this information to determine whether or not the tailings 

presently located to the south of the impoundment need to be excavated and placed within 

the impoundment. This will include an .estimation of the .costs of excavation of the off

impoundment tailings (and associated cover), placement of the same within the 

impoundment, and installing additional soil cover as needed. Should these studies indicate 

that the tailings located south of the impoundment must be relocated, Respondents will 

also evaluate the potential geotechnical impacts excavation may have on the containment 

dikes along the diversion ditc~ as well as the main embankment . 
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• 5.3 Wind-Blown Tailings 

As previously discussed, prior to United Park's placement of a soil cover over all of 

the tailings, some of the tailings material may have been blown by the wind to areas 

near the Site. The areal extent of any wind-blown tailings has not been fully 

addressed in prior studies. EPA has requested that, as part of the remedial 

investigation work, Respondents evaluate such wind-blown tailings. 

objectives: 

Respodnents will gather sufficient data in order to meet the following 

• Confirm the lateral and vertical extent of the wind-blown tailings; and 

• Evaluate whether or not there are any unacceptable health risks 

associated with potential exposure to the wind-blown tailings. 

Respondents will conduct soil sampling at select locations along three 

sampling transects. Sampling transects, 3,500 feet long, will be established in field with the 

• following criteria: 

• 

• One sample transect will be placed perpendicular to the tailings 

impoundment, approximately 500 feet north of the main 

embankment. 

• Two sample transects will be placed beginning 500 feet south of the 

county road and a second transect at a 500-foot inteiVal. 

The sampling transects locations were determined by utilizing information in 

E&E's report on air monitoring activities in 1986. Sample transects are placed 

perpendicular to observed site wind directions. E&E reported that the prevailing wind 

direction in Park City is from the southeast. Review of the Site wind direction data 

recorded by E&E confirms that the prevailing wind is from the southeast with lower 

velocity winds from the northwest occasionally. (E&E, 1986, at 3) 
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Respondents will collect soil samples at 500-foot intervals along the transects 

and at depths of0-1 and 1-6 inches. The samples will be analyzed for the soil parameters 

listed in Table 5.2. Figure 6.0 shows the proposed location of the transects and sample 

intervals. Respondents will undertake additional work, as necessary, if the findings from 

the proposed work prove to be insufficient to meet the above-mentioned objectives. Data 

collected from wind-blown tailings will be used by EPA to assess potential health risks, if 

any, associated with exposure to such tailings, and, if necessary, determine whether any 

remedial action will be required. 

5.4 Surface Water 

Surface water is present at and near the Site, primarily in the south diversion 

ditch system and in Silver Creek. As noted above, elevated metal concentrations have 

been detected in the south diversion ditch, which not only decrease in concentration as the 

water flows towards Silver Creek but overall have also decreased in concentration during 

the last several years. Despite significant existing surface water quality dat~, previous 

surface water quality investigations -did not analyze sufficient parameters to be useful in 

United Park's metal loading model. Additional surface water data will be collected 

specifically to determine impacts to Silver Creek from the Site surface waters. Expanded 

surface water characterization data will be gathered to determine whether the data varies 

with changing seasons. Respondents will also rollect a series of sediment samples from the 

south diversion ditch to more accurately characterize the potential source of zinc in the 

south diversion ditch water quality samples. Samples will be collected and analyzed 

according to procedures that are discussed in detail in the SAP. The sediment samples will 

be analyzed for metals para~eters listed in Table 5.2. Data from the sediment samples will 

be used to determine the long term fate and transport of metals in the Site wetland areas. 

Wetlands in the diversion ditch contain similar vegetation and sediments as wetlands 

present between the main embankment and Silver Creek. 
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Based on surface water data collected in 1999, presented in Table 3.4, and a 

review of historic aerial photographs, it appears that the diversion ditch channel bed may 

be constructed in tailings in the area just upstream and downstream of the RF-4 sample 

location (See Figure 3.3). In order to isolate potential source areas, six sediment samples 

will be collected at 500-foot intervals between sample locations RF-2 and RF-5. Water 

quality data presented in Table 3.4 indicates that zinc is the primary metal that is either 

solubilizing in the sediments or is leaching into the diversion ditch via a groundwater 

pathway. In addition, the long-term viability of the wetland system to continue to enhance 

water quality will be evaluated. This will include an evaluation of the existing biological 

system, identification of metal removal mechanisms, fate and transport of metals in the 

wetland system, and .a discussion of the operation and maintenance of the diversion ditch. 

In addition, more precise water flow information is needed for the "mixing 

model". To gather precise flow information, United Park has recently installed a twelve

inch parshall flume on the south diversion ditch downstream of the pond. The flume will 

be used to measure flow in the diversion .ditch upstream from the location where .it enters 

the wetland area and Silver Creek (location RF-6). Two smaller flumes, nine inches at the 

throat, were installed at upstream locations on the south diversion ditch (RF-2 and RF-3-

2). Flow measurements in Silver Creek will be determined just upstream of sampling 

station RF-7-2 by using a .current meter and standardized measurement methods for open 

channel flow determinations. Flume installation on Silver Creek proper is difficult due to a 

variety of issues outside of Respondents' control. Accurate flow information cannot be 

gathered at the downstream confluence of Silver Creek and the diversion ditch due to 

dispersed flow through the wetland area. Water flow at RF-8 in Silver Creek will be 

determined by adding the flow measured at RF-6 and RF-7-2. Figure 3.3 shows the flume 

locations. 

Insufficient data currently exist to determine whether the metals loading modeling 

that Respondents .have developed adequately characterizes conditions throughout a 

complete year. Future water sampling will be collected to complete the existing database . 
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• Respondents will submit a report to EPA that summarizes data collected from May of 1999 

to· date. The report will be submitted with the RI report. The surface water monitoring 

program will be performed to collect water samples on a monthly basis at the following 

locations: RF-2, RF-3-2, RF-6, RF-7-2 and RF-8 (see Figure 3.3). As shown in Figure 3.3, 

RF-3 has been replaced with a new location, RF-3-2, to allow for flow measurement from 

the parshall flume. Surface water samples will be analyzed for the water parameters listed 

in Table 5.2. After sufficient data have been gathered, Respondents' "mixing model" will 

be refined using the new information. The modeling will be reevaluated with newly 

acquired data to assure that it is representative of existing conditions. 

While more precise flow rate data from the main embankment seep may be useful, 

a significant amount of existing vegetation and organic matter, grown during the last ten 

years or so, would have to be removed before flow data can be obtained. Because 

Respondents believe that the existing natural conditions are very likely mitigating any 

dissolved metals present in the water from the seep, Respondents are reluctant to propose 

• disturbing existing conditions at this time, unless the proposed wedge buttress design 

requires this information. The seep does not generate a significant volume of water. In 

fact, it is quite difficult to detect flow water; hence the identification as a seep. Water 

chemistry from this location is quite likely to be of little use other than to identify the 

potential source of .the water. Nevertheless, Respondents will collect a sample from the 

main embankment seep area in order to better characterize water quality and 

concentrations of dissolved metals. The sample will be analyzed for the water parameters 

listed in Table 5.2. If additional data regarding the seep is necessary in connection with the 

design of the proposed wedge buttress, Respondents will collect data for that purpose. 

• 
5.5 Groundwater 

The hydrogeologic conceptual model prepared by Weston will be used as the 

basis of further work on refining the understanding of groundwater conditions at the Site. 

As part of its study, Weston installed 11 new piezometers. Groundwater elevation data is 
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• currently collected on a monthly basis to determine whether seasonal groundwater 

fluctuations exist. This sampling will occur through another runoff cycle or until the end of 

the last quarter of 2000. The data from these measurements will help determine the 

relationship between the shallow aquifers, the tailings impoundment and Silver Creek 

alluvial groundwater. A report will be drafted upon completion of the data collection 

process that addresses any changes in the groundwater levels. 

As noted by EPA in its informal review of the Weston report, additional 

information is required to refine the Site's water balance. Monthly water levels will be 

collected from the piezometers installed by Weston in and around the impoundment. The 

groundwater level data will be collected in conjunction with the surface water monitoring. 

Groundwater and swface water elevation data will be collected at paired locations such as 

RT-5 and the south diversion ditch, at RT-7, and at Silver Creek. The data will be used to 

quantify the surface water-groundwater interaction. The hydrogeologic data coupled with 

existing and new groundwater chemistry will be used to evaluate the potential for 

• groundwater impacts at the Site. 

• 

Shallow groundwater in the Silver Creek floodplain both above and below 

the tailings impoundment will be sampled and evaluated to determine the impact, if any, of 

the tailings from the Site on off-site shallow groundwater or surface water. A monitoring 

well will be installed downgradient of the Site in the Silver Creek alluvium. RT-7 will be 

used as the upgradient Silver Creek alluvial welL The data, along with all existing water 

quality data, will be used to better define and model groundwater quality in the Silver 

Creek alluvium. 

As previously discussed in Section 5.2, Respondents will install three borings 

into the tailings areas located south of the diversion ditch to evaluate the potential for 

these tailings to impact groundwater or surface water in the south diversion ditch. The 

borings will be drilled down through the tailings and terminate at the tailings/soil interface. 

The borings will be convened to monitoring wells if groundwater is encountered. Figure 

3.3 shows the locations of the proposed borings . 
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Respondents will also evaluate the potential impacts to current users of 

groundwater near the Site. Respondents will conduct a swvey of private wells within a 

one-mile radius of the Site. Respondents willl<;>cate and map groundwater elevations of 

all private wells within a one-mile radius of the Site. If the groundwater elevation delta 
demonstrate that the wells are downgradient and connected to Site aquifers, then the wells 

will be sampled according to procedures outlined in the SAP and tested to assess whether 

potential groundwater impacts are occurring as a result of Site conditions. 

Finally, groundwater monitoring well RT -1 will be abandoned because it was completed 

both in the shallow confined and unconfined aquifers. Based on the well construction, 

cross flow between the two aquifers may be occurring. According to state well construction 

regulations, such construction is not allowed without prior approval. Respondents will 

prepare a closure plan for the EPA RT-1 monitoring well, proposing that the well be 

grouted with a bentonite seal to within five feet of the ground surface and that the casing 

removed to below grade . 

5.6 Main Embankment IBftStigation 

The main embankment is the permanent enclosure device for the tailings 

materials. The stability and integrity of the main embankment have been examined two 

separate times by consultants for Noranda (Dames & Moore 1980) and EPA (E&E 1992). 

Although both groups determined that while the main embankment appeared to be stable 

in its then-current condition, concerns were raised about two issues: 

• The oversteepened downstream slope of the embankment. 

• Seepage present at the toe of the main embankment. 

Respondents agree that portions of the main embankment are oversteepened 

and were not constructed in accordance with the recommendations made by Dames & 

Moore in 1974. As a result, Respondents proposes to design an appropriate wedge buttress 

to be installed along oversteepened portions of the main embankment. The buttress will 
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• enhance the long-term effectiveness of the final closure remedy for the Site. Respondents 

will evaluate the condition of the main embankment during the RI/FS phase, and will 

prepare construction design specifications for the wedge buttress as part of the final 

remedial design process. 

Because several of the groundwater monitoring wells installed by previous 

operators are currently located in the area where the wedge buttress would likely be 

constructed, United Park anticipates that it will be necessary to close these wells. United 

Park will prepare a well abandonment plan for EPA approval. The wells will be grouted 

with a bentonite seal to within five feet of the ground surface and the casing removed to 

below grade. Data from the seep may also need to be gathered in order to develop an 

appropriate wedge buttress design. 

In addition, the long-term chemical stability of the tailings will be evaluated. 

Samples of the tailings materials will be collected at three (3) locations on the 

impoundment as shown on Figure 5.0. The samples will be analyzed for metals and long 

• term leaching potential. The SAP provides details on the sample collection and analytical 

procedures. 

• 

5. 7 Sampling and Analysis and Health and Safety Plans 

As part of the focused RI/FS, Respondents will prepare a sampling and 

analysis plan ("SAP"), and a site health and safety plan ("HASP"). The SAP provides a 

mechanism for planning field activities and consists of a field sampling plan (FSP) and a 

quality assurance project plan (QAPP). The FSP will define the sampling and 

data-gathering methods that will be used on the project. The QAPP will descnbe the 

project objectives and organization, functional activities, and .quality assurance and .quality 

control (QNQC) protocols that will be used to achieve the desired data quality objectives. 

The HASP will be prepared in conformance with the United Park's health and safety 

program, and in compliance with OSHA regulations and protocols . 
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• 6.0 FOCUSED RISK ASSESSMENT 

The EPA will perform the focused risk assessment. Given the current 

isolated nature of the Site, the knowledge of future land use of the Site, and the past health 

assessments which have been conducted for the Site, EPA agrees that a "streamlined" risk 

assessment using a proposed future land use and a "focused" RIJFS (using existing data to 

the fullest extent possible and evaluating a limited number of alternatives consistent with 

proposed future land use) is appropriate. 

7.0 TREATABillTY STUDIES 

Respondents will develop and evaluate potential additional remedial 

alternatives to support a final closure of the Site that will be protective of human health 

and the environment, and consistent with the contemplated future land use of the Site. At 

this time, such additional remedial measures would not involve treatment of hazardous 

• wastes or substances. Consequently, it is unlikely that treatability studies would need to be 

performed as part of the evaluation and selection of final additional remedial measures to 

support final closure of the Site. However, if new information comes to light as a result of 

Respondents' focused RI/FS efforts, or if circumstances change, then Respondents will 

evaluate the need for and conduct, as necessary, treatability tests in accordance with the 

NCP and EPA's Model the Statement of Work, and as approved by EPA 

• 

8.0 FURTHER REMEDIAL ACTION 

Based on the data collected from and the remedial measures that have 

already been implemented at the Site to date, and in consideration of remedial measures 

implemented at similar tailings impoundment sites throughout Utah and other Rocky 

Mountain states, Respondents believe that final Site closure can be achieved without the 

implementation of further remedial measures. However, Respondents recognize that EPA 

and UDEQ have concerns about Site conditions that the agencies believe must be 
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• addressed through additional Site characterization and possibly through the 

implementation of additional remedial measures. Therefore, Respondents agree to further 

investigate the nature and extent of contamination at the Site to supplement the 

investigation efforts perlormed at the Site to date and confinn that the measures 

implemented at the Site to date are adequate to support final closure of the Site. If 

necessary, based on the findings of these efforts, Respondents will also develop and 

evaluate potential additional remedial alternatives to support a final closure of the Site that 

is protective of human health and the environment, and consistent with contemplated 

future land use of the Site. Respondents propose to use the data derived from the Focused 

RifFS (together with a focused risk assessment to be perlormed by EPA) to determine 

whether any further remedial measures are needed to support final Site closure. 

If and to the extent further remedial measures are required at all, 

Respondents believe that any appropriate final remedy for the Site should incorporate, to 

the maximum extent practicable, all existing elements of Site closure, and where necessary 

• and appropriate, should adopt additional measures to improve Site closure. Such 

additional measures, if required, may include: 

• 

• Improving and maintaining the main embankment stability and 

integrity 

• Improving and maintaining the soil cover 

• Improving and maintaining the surlace drainage 

• Improving and maintaining the diversion ditches 

• Excavating tailings located outside of the impoundment, placing the 

same within the impoundment, and placement of additional cover 

• Establishing appropriate institutional controls to prevent 

unacceptable exposure risks 

H necessary, as part of the FS, Respondents will develop appropriate 

remedial action objectives, and develop and evaluate potential additional remedial 
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• alternatives, to support a final closure of the Site that is protective of human health and the 

environment. Respondents will begin to develop and evaluate a range of appropriate 

further remedial alternatives to support final Site closure, concurrent with the RI Site 

characterization task. Based on EPA's focused risk assessmen~ Respondents will review, 

and if necessary and appropriate for the Site: 1) modify the site-specific remedial action 

objectives; 2) develop general response actions for each medium of interest to satisfy the 

remedial action objectives; 3) identify areas or volumes of media to which general response 

actions may apply, taking into account requirements for protectiveness as identified in the 

remedial action objectives; 4) identify, screen and document technologies, if any; 

applicable to each general response action to eliminate those that cannot be implemented 

at the Site; 5) assemble .and document further alternative remedial measures; 6) refine the 

further alternative remedial measures, as necessary; and 7) c.onduct and document a 

screening evaluation of each further remedial alternative measure. 

Respondents will also conduct a detailed analysis of additional remedial 

• alternatives to support final closme of the Site. These will consist of an analysis against a 

set of nine evaluation criteria to ensure that the selected additional remedial measures will 

• 

be protective of human health and the environment; will be in compliance with, or include 

a waiver of, ARARs; will be cost- effective; will utilized permanent solutions and 

alternative treatment technologies, or resource recovery technologies, to the maximum 

extent practicable; and will address the statutory preference for treatment as a principal 

element (if appropriate). The evaluation criteria include: (1) overall protection of human 

health and the environment; (2) compliance with ARARs; (3) long-term effectiveness and 

permanence; ( 4) reduction of toxicity, mobility, or volume; (5) short-term effectiveness; (6) 

implementability; (7) cost; (8) state (or support agency) acceptance; and (9) community 

acceptance. (Note: criteria 8 and 9 are considered after the focused RI/FS report has been 

released to the general public.) As part of its evaluation of the long-term effectiveness of 

the final closure remedy for the Site, Respodents will also utilize, as appropriate, modeling 
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• techniques to evaluate the long-term chemical stability of the materials within the tailings 

impoundment. 

• 

• 

It should be noted that long-term, non-residential land uses are being 

considered for the Site and the Property. While the Property outside the impoundment is 

already suitable for development, the Property is not currently being used for any 

productive purpose. The area outside of the actual impoundment may be suitable for 

development for non-residential, recreational uses. Certain non-residential uses, 

consistent with the soil cover and any appropriate institutional controls, may be 

appropriate for the southern area of the tailings impoundment area itself. 

9.0 DEUVERABLES 

Respondents will prepare an RI/FS Report that will present analytical data 

collected during the focused remedial investigation and an interpretation of the data in 

relation to human health and environmental exposures. It will address the following topics: 

• Site characteristics 

• Site physical characteristics 

• Source characteristics 

• Nature and extent of contamination 

• Contaminant fate and transport 

• Streamlined risk evaluation 

Respondents will also prepare an appropriate FSP, QAPP and HASP prior 

to fully implementing the work proposed in this Work Plan . 
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• 

• 

• 

10.0 SCHEDULE 

Respondents will develop a schedule to guide the work proposed in this 

document using the Critical Path Method (CPM). Negotiations with the EPA over the 

administrative agreement will determine the initiation date for the focused RIIFS and will 

define roles and responsibilities for its completion. Should additional work be deemed 

necessary as a result of the discovery of new information gathered in the performance of 

the work tasks outlined herein·, the deliverable schedule will be adjusted to accommodate 

work revisions. 

11.0 COMMUNI1Y RELATIONS 

Consistent with the requirements of the NCP, EPA and UDEQ, with support 

from Respondents, will prepare a Community Relations Plan . 
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• 

• 

• 

Table 3.1: Historic Surface Water Data 

Table 3.2: Historic Groundwater Data 

TABLES 

Table 3.3 Comparison of 1985, 1992 and 1998 Groundwater Data 

Table 3.4: 1999 Surface Water Data 

Table 5.2: Analytical List 
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• -
Oat• ~~·~ep·U" JO.J.,·IM' ' ~~·f>ep-~; 1•·Jun·97 26-Sap-96 27.Jun·96 27.Sep-95 21-Jun-95 
Cu 0 Ool~ o~; 001;> • 008 0 39 0038 
Hg •OOOO;> •0000;> •0000~ •0~ •00005 •00005 

Mn·T Ol-0 0~ oe 1 3 OS 0.79 0.24 0.18 

I 
.JI. PI>-T 16 7!, 003~ 0038 26 26 <0.01 0012 .. 

Pb-0 e -
I 

l) Zn-T , 1 , e 02e 077 2.8 2.8 0.77 0.45 

1 ;; Zn.O 

I 
~ Cn -u; 

TDS 
E I • TSS - -
e 
~ 
Q.. Data 1-Mav-86 7-ADr-86 4-Nov-85 3-0ct-85 9-seo-85 2-AuQ-85 10-Jul-85 J.Jun-85 

:;:I 
Cu -.. Hg <00005 <0.0005 <0.0005 0.0005 <0.0005 <0.0005 <0.0005 <0.0005 z 

c Mn-T 018 0.27 0.33 0.17 0.1 0055 0.33 0.083 
~ Pb-T 003 0.083 0.05 012 0.05 0.033 0.05 0.05 
iii Pb-0 -
Ui Zn-T -

Zn.O 
Cn <0.004 <0.004 <0.004 <0.004 <0.004 •0.004 <0.004 <0.004 

.___. TDS 648 760 63B 583 729 sse 648 491! 
TSS 

Dam 25-SeD-91! 30-J.....SS 25-Seo-97 24-JI.n-97 26-Sep-96 27-.kn-96 27.Seo-9S 21-Jun-95 ,--
Cu <0.008 <0.008 0.013 <0.008 0.008 <0.008 
Hg <0.0002 <0.0002 <0.0005 <0.0005 <0.0005 <0.0005 

lin-T 34 1.7 1.9 j 7.7 2.1 1.1 1.4 
Pb-T <0.01 <0.01 <0.01 <0.01 0.014 <0.01 <0.01 <0.01 

~ Pb-0 -
~ Zn-T 0.056 0.49 0.036 0.12 0.076 0.3 0.7 062 
0 Zn-0 - - - -
c: en - - -0 

f TDS 

"' TSS - - - -
~ 
0 

Data 1-Mav-86 7-Apr-86 4-Nov-85 3-0ct-85 9-sep-85 2-Aug-85 10-Jul-85 3-Jun-85 

Cu - - -
Hg <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 

lin-T 0.84 o.se 0.7 1.2 0.6 14 1.6 1.7 
Pb-T 0.02 0.033 0.042 0.067 0.067 0.0.2 0.02 005 
Pb-0 -
Zn-T - -
Zn-0 - -
Cn <0.004 <0.004 <0.004 <0.004 <0004 0.004 <0.004 <0.004 

'----' TDS 687 566 1277 1570 1610 1372 1520 1418 
TSS - -

,.--. Da1e 25-Sep-98 30-Jun-98 25-Sep-97 24-Jun-97 26-Sep-96 27.Jun-96 27.Sep-95 21-Jun-95 
Cu <0.008 <0.008 0.009 <0.008 0.011 <0.008 -
Hg <00002 <0 0002 <0.0005 <0.0005 <0.0005 <0.0005 -

~ lin-T 03 0.45 0.2 0.7 0.35 0.36 0.26 0.21 

~ Pb-T <0.01 0.05 <0.01 0.033 0.042 0.016 <0.01 0.01 

u f'b.D - -... Zn-T 0.37 1 0.33 0.56 044 083 0.78 0.45 • ~ Zn-0 - -u; Cn - - -
E TDS - - -.. 
g TSS - -.. 
c: 
~ Data 1-May-86 7-Aor-86 4-Nov-85 3-0ct-85 9-Sap-85 2-Auo-85 10-Jul-85 3-Jun-85 
8 Cu - - -.. Hg <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
z lin-T 0.073 0.33 0.35 0.15 0.18 0.23 0.42 0.083 
c: Pb-T <0.02 0.017 005 0.05 0.067 0.033 0.03 0.05 
!!. Pb-0 ! - -
"' 

Zn-T - - -
Zn-0 - - -
Cn <0.004 <0.004 <0004 <0.004 <0.004 <0.004 <0.004 <0.004 

'---' TDS 590 772 664 603 709 648 782 470 
TSS - -

• Rater to Figure 3 1 lor sample locat•ons. 

21-Sep-94 29-Jun·94 15-0ec-93 

-

0.14 0.28 0.24 
0.033 0.02 0.033 

- -
0.65 0.85 1.3 

-
- -

-
- -

1-Ma_y-85 1-Nov-84 3-0ct-84 

- - -
<0.0005 0.0005 <0.0005 

0.3 0.083 0.1 
0.18 0.067 0.067 

-
-

-
<0.004 <0.004 

661 552 600 
-

21.Sep-94 29-Jun-94 15-0ec-93 

-
8.7 1.8 8.3 

0.05 0.033 0.05 

-
0.097 0.17 0.41 

-
-

-

1-Mav-85 1-Nov-84 3-0ct-84 

- -
<0.005 <0.005 <0.005 

2 0.95 0.1 
01 0.05 0.067 

- -
-

0.014 <0.004 <0.004 
870 1166 581 

-

21.SIII>94 29-Jun-94 15-0ec-93 

- --
016 0.4 0.21 
0033 0.033 0.033 

-
0.62 0.85 1.2 

-
- - -
- -
- - -

1-May-85 1-Nov-84 3-0ct-84 
-

<0.005 <0.005 <0.005 
0.21 0.1 0.5 

0.083 0.067 0.05 
- -- - -- -

<0.004 <0.004 <0.004 
652 589 1524 

- -

Table 3.1:Richardson Flats Surface Water R4tSu!ts; 
1982 to 1987 and 1990 to 1998 

All untta are In ,.,gil. 

29-Sep-93 14-Jun-93 8-SeD-92 19-Mar-92 31-0ct-91 14-Jun-91 ~-91 

-
-

03 0.28 0 55 0.25 0.073 0.16 0.2 
0.033 <0.02 015 0.37 0.033 0.079 0.05 

- -
068 1.2 '081 0.94 0.8 0.69 0.85 

- -
-

6-s~ 10-Au!l-84 3-Jul-&: 8-.U>-84 1-Nov-83 6-0ct-83 2.SeP-83 

-
2 <0.0005 <0.0005 0.9 <0.0005 0.0089 <0.0005 

0.4 0.7 0.37 0.13 0.1 0.67 0.33 
0.78 0067 01 013 0.05 1 3 0.033 

- -
- -

- - -
<0.004 <0.004 <0.004 '<0.004 0.054 <0.008 <0.004 

456 1015 684 387 613 586 830 
- - -

29-seo-93 14-Jun-93 8-Seo-92 1~ar-92 31-0ct-91 14-JIIl-91 3-~r-91 

- - -
- -

1.7 1.5 61 1.2 0.083 042 0.92 
0.05 <0.02 <0.1 <0.02 0.033 0.095 0.02 

-
0.23 1.1 0.65 o.se 0.048 0.28 0.58 

- - - -
- - - -

- -
- - -

6-siiP-84 10-Aua-84 3-Jul-84 8-Jun-&: 1-Nov-83 6-0d-83 2-SIIP-83 

- - -
<0.005 - <0005 <0.005 <0.005 <0.005 <0.005 
0.57 - 0.23 0.48 0.17 0.17 0.48 
0.067 - 0.053 0.033 0.05 0.05 005 

-
- - -

- - -
<0.004 0004 <0.004 0.007 0016 <0004 
1717 1533 655 1419 1809 1867 

29-se~>-93 14-Jun-93 8-Se~>-92 19-Ma--92 31-0ct-91 14-Jun-91 -~91 
- -

- - - -
0.25 0.43 0.56 0.21 0.057 0.12 0.22 
0.05 0.025 0.22 O.Ool3 0.033 0.097 ooe 

-
0.67 1.6 0.82 0.86 0.77 0.63 0.83 

- - - -
-

-

6-sllt>-8'1 10-Aua-84 3-Jul-84 B-J.n-114 1-Nov-83 6-0ct-83 2-SeP-83 

-
2.1 <0.005 <0005 <0.005 <0.005 0.0084 <0.005 

0.35 0.83 072 0.12 o.08 0.68 0.42 

0.62 0.067 0.1 0.1~ 0.07 OS 0.17 

- - -
- - -

- -
<0.004 <0.004 <0.004 <0.004 <0.004 <0.008 0.007 

481 1122 684 403 595 580 801 

- - - -

30-Nov-90 9-seo-87 3-Auo-87 7-Jul-87 s..Jun-87 &-May-87 5-Nov-86 1().()c:l-86 3-Sap~ 1o.Au~Htf, 1-AuD«< '"""«· ~ 
- <0.0005 <0.0005 <0.0005 - <0.0005 <0.0005 <0.0005 <0~ cO~ •0~ 

0.18 0.33 0.033 0.12 0.16 0.36 0.17 0.027 0085 0038 01 
<0.02 0.18 0.033 0.02 0.05 012 0.05 0.05 0.05 0033 002 007 

- 0.02 -
0.85 - - - - 079 -

0.56 
- <0.004 <0.004 <0.004 <0.004 <0.004 0.004 <0.004 - <0.004 0.007 <0.004 

730 666 628 720 1053 638 642 - 615 604 260 

- - 3.8 - -
2-Aug-83 6-Jul-83 8-Jun-83 31-Jan-83 3-Jan-83 ~_-!12 1-NOY-82 1-0ct-82 JO..Aug-82 2~ 1-Jul-82 1-Jun-82 29-AIIr-82 

- - - - - -
<0.0005 <0.0005 0.0046 <0.0005 o.oooe <0.0006 <0.0005 0.0008 <0 0005 <0.0005 <0.0005 <0.0005 0.0007 

01 0.28 0.38 0.36 0.33 0.32 0.17 0.36 0.12 0.17 0.17 043 0.28 
0.05 0.05 0.9 0.02 0.17 0.07 0.05 0.13 0.03 0.03 0.07 0.92 0.35 

- - - - -
- - - - - - -

I - - - -
0.014 <0.004 0.004 0.009 <0.004 <0.004 <0.004 <0.004 0.005 <0.004 <0.004 0.004 <0.004 
726 496 303 720 659 809 609 538 719 723 554 516 491 

- - - -

JO.Nov-90 9-siiP-87 ~7 7-Jul-87 s..Jun-87 &-May-e7 5-Nov-86 1().()c:l-86 3-s~ 1Q.Aug-86 1-Aug-86 1-J....- s..Jun-86 

- - - - - - - - - - -
- <0.005 <0.005 <0.005 - <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
3 3.1 1.3 1.6 1.4 1.1 0.78 1.8 0.75 0.045 1.2 0.23 

<0.02 0.067 0.02 005 0.067 <0011_ 0.033 0.067 0.05 0.05 0.05 0.02 <0.017 

- - - - <0~11 - - - - -
0.13 - - - 12 - - - - - -

- - - 076 - - -
<0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 

- 1867 1704 1511 1300 1676 1538 1671 1882 1731 1693 1542 

- - - 24 - -
2-Aull-83 6-Jul-83 8-Jun-83 31-Jen-83 3-J.-.-83 3-0.C-42 1-Nov-82 1-0cl-82 JO..Auo-82 2-Aug-82 1-Jul-82 1-Jo.n-82 ~-82 

- - - . - . - -
<0.005 <0.005 <0.005 - <0.005 co;,os <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 

0.22 0.53 1.4 - 3.2 045 9.5 1.4 6 6.1 3 3.1 0.33 
0.05 0.067 0.05 0.07 O.OJS 0.03 0.05 o.08 0.07 0.08 o.08 o.08 

- - - - - - - - -
- - - - - - - -- - - - - - -

0.006 <0.004 <0.004 - <0.004 0.004 <0.004 <0.004 0.007 0.006 0.019 0.034 <0.004 

1762 1604 1010 - 1343 839 1192 881 1979 2016 1640 1517 638 
- - . - - - - -

JO..flov-90 9-seo-87 3-Auo-87 7-Jul-87 s..Jun-87 ~-87 5-NOY-86 1().()c:l-86 J-sep-86 1Q.Aug-86 1-Aug-86 1-Jul-86 s..Jun-86 

- - - ·- - -
- <0.005 <0.005 <0.005 - <0.005 <0.005 <0.005 - <0.005 <0.005 <0.005 

0.18 0.32 0.11 0.19 0.24 0.3 0.23 0.37 - 0.93 0.057 011 

<0.02 0.13 0.058 0.12 0.12 0.14 0.27 0.083 0.05 - 0.05 0.02 0.04 

- - - - O.c.25 - - - -
0.82 - 0.75 - - - - - -
- - - - 037 - - - - -

<0.004 <0.005 <0.004 <0.004 0.005 <0.004 <0.004 - <0.004 <0.004 <0.004 
723 655 915 750 886 636 629 656 569 28S 

- - :!.7 - - - - -

2-Aug-83 6-Jul-83 8-Jun-83 31-Jan-83 3-Jan-83 3~-82 1-Nov-82 1-0C1-e2 .30-Aug-82 2-Auo-6< 1-Jul-82 1-Jun-82 29-APr-82 

- - - . - - -
<0.005 <0.005 0.0033 <0.005 <0.005 <0.005 <0.005 <0.005 00022 <0005 
013 0.3 0.32 - 0.22 0.36 0.2 0.32 0.27 048 0.25 
0.05 0.05 o.se 0.05 0.1 0.03 0.05 o.oe , 018 

- - - - - -
- - - - . - - -

- - - - - - -
0.005 <0.004 <0.004 - <0.004 <0.004 <0.004 <0.004 <0.004 <0004 <0004 

689 476 295 - 598 552 1506 708 596 330 329 

- - - . - -



• "~ Date 25-SeP-98 3Q-Jun-98 25-Sepo97 24-Jun-97 26-Sep-96 27-Jun-96 

Cu <0"008 <0"008 0"012 <0.008 0.011 <0.008 

- Hg <0"0002 <0.0002 <0.0005 <0.0005 <0.0005 <0.0005 

i ;: Mn - - -
I ::E Mn-0 10 8.9 9.1 9.4 8.7 0.65 

I 
c: Pb - - - -.5! Pb-0, TR <0.01 <0.01 <0.01 <0.01 <0.01 0.016"" s Zn-0 0.038 0.049 0.025 0.12 0.19 0.016 rn 

pH 7.2 7.4 6.9 6.9 6.6 7 
TDS 730 1575 2044 1836 1919 1212 

'----- Cn - - - - - -

,...---. 
Date 25-Sep-98 3Q-Jun-98 25-Sep-97 24-Jun-97 26-Sep-96 27-Jun-96 

Cu <0.008 <0.008 0.012 <0.008 0.008 <0.008 
..., Hg <0.0002 <0.0002 <0.0005 <0.0005 <0.0005 <0.0005 

;: Mn - - - - - -
::E Mn-0 0.85 0.76 0.75 0.78 0.72 7.7 
c Pb - . . . - -
0 

Pb-0, TR <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 E Zn-0 0.03<1 0.03<1 0.035 0.03 0.017 0.017 rn 
7.4 6.7 6.9 pH 7.2 6.8 6.9 

TDS 1736 1153 1335 134<1 1145 1610 

'--- en - - - - - -

r---oo Date 25-5.,0:.98 30-Jun-98 25-Seo-97 24-Jun-97 26-5ep-96 27-Jun-96 
Cu 0.009 <0.008 0.014 0.008 0.015 <0.008 
Hg <0.0002 <0.0002 <0.0005 <0.0005 <0.0005 <0.0005 ., 
Mn - - - - - -~ 

lin-D 7.2 2.2 6.9 2.1 2 3 ::E 

t 
Pb - - - . - -

Pb-0, TR <0.01 o.o15·· 0.01a·· 0.046 .. 0.033 .. 0.016 •• 
Zn-0 0.066 0.11 0.044 0.064 0.035 0.095 
pH 2.7•• 7.4 7.3 6.7 6.6 7 

TDS 819 1783 2150 1848 15<13 1879 
en - - - - . 

____.. 
Date 25-SeD-98 30-Jun-98 25-Seo-97 24-Jun-97 26-Sep-96 27-Jun-96 
Cu 0.009 <0.008 0.014 <0.008 0.015 <0.008 ., Hg <0.0002 <0.0002 <0.0005 <0.0005 <0.0005 <0.0005 

~ Mn - - - - . 
::E lin-D 15 9.1 5.8 9.6 9.7 7.3 
c Pb . . . - . 
0 

Pb-0, TR 0.015 0.018 .. 0.031 .. 0.047 .. 0.027 .. <0.01 E Zn-0 1.9 1 0.27 1 1.9 0.64 rn 
pH 4" 1 •• 7.7 7.2 6.7 6.6 7 

TDS 1900 2006 1926 2087 1849 1715 

'----- Cn . . . - . 

•• Vllkle exceeds Utah GW Ou•tity 5tanel81'd 
Refer 10 Plate 1. Weston Report. AppeneliJr A lor monitor -n loc81ions 

27-Sep-95 21-Jun-95 21-Sep-94 29-Jun-94 15-Dec-93 
- - - -
- - - - -
- - - - -

0.6 0.71 0.65 0.56 0.48 

- - - - -
<0.01 <0.01 0.033•• 0.033•• 0.033 .. 
0.027 0.049 0.023 0.01 0.042 

8 7.3 7.3 7.8 7.1 
1124 1101 1093 1083 1082 
- - - - -

27-Sep-95 21-Jun-95 21·5~ 29-Jun-94 15-Dec-93 
- - - - -- - - - -
- - - - -
6 <1.6 6.6 <1.7 7.3 
- . - - -

<0.01 0.025 .. o.o5·· 0.05 .. o.o5-
0.033 0.037 0.054 0.023 0.047 

8 7.3 7.2 7.9 7.1 
1588 1071 1775 1445 1629 
- - - - -

27-5ep-95 21-Jun-95 21·5~94 29-Jun-94 15-Dec-93 

- - - - -
- - - - -- - - - -

4.1 5.7 4.3 3.1 3.6 

- . - - -
<0.01 <0.01 o.o5- o.o5- O.OJ3•• 

0.066 0.03<1 0.03 0.058 0.12 
7.3 6.4·· 7.2 7.2 ·7 

2448 2591 1896 2260 2168 
- . - - -

27-5ep-95 21-Jun-95 21-Sep-94 29-Jun-94 15-0ec-93 
. - - - -
- - - - . 
- . - . -
2 1.9 1.9 0.7 3.2 . . - . -

<0.01 <0.01 0.033 •• <0.02 0.033 
0.052 <.008 0.057 0.029 0.22 

6.5 6.6 6.9 6.8 6.5 
1810 1794 1287 1000 1751 

- . - - -

Table 3.2: Richarson Flat Groundwater Results, 
1982 to 1987 and 1991 to 1998 

All unb .... In mg/1 exctpt pH (standard unlta). 

29-SeP-93 14-Jun-93 e-"seo-92 19-Mar-92 31-Qct-91 14-Jun-91 

- - - - -- - - - - -- - - - -
1.1 0.63 33 0.18 0.062 <0.02 
- - - - - -

0.033•• <0.02 <0.1 <0.02 0.02 0.57 
0.11 0.041 <.050 0.25 0.018 0.039 
7.1 6.9 7.7 7.8 7.8 7:6 

1068 596 1732 901 826 750 
- - - - - -

29-sep:-93 14-Jun-93 8-Sep-92 19-Mar-92 31-Qct-91 14-Jun-91 

- - - - - -- - - - - -- - - - - -
6.~ 5 - 3.8 3.7 2.2 
- . . - . -

0.033 .. <0.02 . 0.02 0.02 0.062 
0.11 0.033 . 0.17 0.047 0.065 
7.2 7.1 . 7.7 7.9 7.7 

1600 741 - 1479 1711 14321 

- - - - - -

29-5.93 14-Jun-93 8-seD-92 19-Mar-92 31-Qct-91 14-Jun-91 

- - - - . -
- - - - - -
- - - - - -

4.8 7.7 - 7.4 4.7 11 
. - - . . . 

0.033 .. <0.02 . <0.02 <0.02 0.11 
0.12 o .• n - 0.28 0.35 0.12 
6.9 6.8 . 3.t•• 7.8 5.6·· 

2175 2690 - 1911 2289 2190 

- - - . -

29-Sep-93 14-Jun-93 8-SeP-92 19-Mar-92 31-Qct-91 14-Jun-91 

- - - I - - . 
- - - .. . . -. - . . . -
3 8.5 . 8.4 6.7 15 
. . . . . . 

0.05 <0.02 . <0.02 0.05 0.14 
0.21 1.2 . 0.21 0.75 0.084 
6.3 .. 6.9 . 6.7 3.9 .. 5 .. 

1714 1114 651 2026 2225 . . . . . . 

3-Apr-91 9-Se!HI7 3-Aua-87 7-Jul-87 5-Jun-87 6-Ma,._,7 2-Dec-86 5-Nov-86 10-0ct-86 3-Sep:-86 1-Aua-86 1-Jul-86 5-Jun-86 

- - - - - - - - - - -
- <0.0005 <0.0005 <0.0005 - <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 
- 0.067 0.11 0.052 0.47 0.25 0.27 0.14 0.05 0.017 0.092 0.16 0.11 

0.1 - - - - - - - - - - - -
- 0.067 0.035 0.033 0.083 0.08 0.083 0.033 0.05 0.05 0.04 0.05 0.017 

0.02 - - - - - - - - - - - -
0.017 - - - - - - - - - - -

7.7 - - - - - - - - - - -
842 841 919 843 1100 1041 1143 1433 1163 1216 1182 1169 1171 

- <0.004 <0.004 <0.004 0.006 <0.004 <0.004 <0.004 0.008 <0.004 <0.004 0.013 <0.004 

3-Apr-91 9-Sep-87 3-Aug-87 7-Jul-87 5-Jun-87 6-May-87 2-0ec-86 5-Nov-86 10-0ct-86 3-Seo:S6 1-Aua-86 1-Jul-86 5-Jun-86 

- - - - - - - - - - - - -
- <0.005 <0.005 <0.005 - <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 

- 6.2 4.8 5.4 5 4.2 <1.5 2.9 1.7 .. 2.5 0.95 2.8 
2.1 - - - - - - - . . . . -
- 0.05 0.02 0.083 0.1 0.~ 0.067 0.033 0.067 0.033 0.05 0.033 0.03 

0.03 - . - - - . - - . - - -
0.08 - . . . - - - - - - - -
7.7 - . . - - - - - - - - -

1681 1639 1490 1374 1500 1458 1622 2046 1755 1539 1516 1438 1338 
- <0.004 <0.004 <0.004 0.005 0.005 0.004 <0.004 <0.004 <0.004 0.007 0.004 0.006 

3-Aor-91 9-Se!HI7 3-Aua-87 7-Jul-87 5-Jun-87 6-Miry.87 2-0ec-86 5-NoY-86 10-0ct-86 3-Seo-86 1-Aua-86 1-Jul-86 5-Jun-86 

- - - - - - - - - - - - -
- <0.005 <0.005 <0.005 <0,~ <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 

- 9.8 11 12 11 6.2 0.23 11 9.4 7.5 8.4 9.4 11 
7.7 - - - - - - - - - - - -. 0.067 0.035 0.05 0.083 0.011 0.05 0.067 0.083 0.067 0.067 0.17 0.017 

0.05 - . . . . - . - - - - -
0.05 . - . - . . . - - . - -
5- - - . - - - . - - . - -

2348 2583 2593 2556 2700 190:< 689 2913 2531 2553 2563 1609 2559 
- 0.28 0.4 0.41 0.96 0.78 0.004 1.1 0.9 99 0.9 0.86 1 

3-Apr-91 9-Se!HI7 3-Aug-87 7-Jul-87 5-Jun-87 6-May-87 2..Qec-86 5-Nov-86 10-0ct-86 3-5a!HI6 1-Aua-86 1-Jul-86 ~~~ 
. - . . - - . - - - . - -
- <0.005 <0.005 <0.005 - <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.006 

- 14 15 16 16 14 1.6 13 12 12 14 15 115 
10 . . . . - . . . . - - -
- 0.15 0.033 0.067 0.12 0.12 0.067 0.083 0.083 0.087 0.067 0.087 0.017 

0.03 . . . . .. . - - - - - . 
0.067 - . . . . - . - - - - . 
5.5 .. - . . . . . . - . - - -
234<1 2435 2460 2318 2400 2509- 1989 3102 2<164 2<198 2<167 2485 24107 

. <0.004 <0.004 <0.004 0.006 0.005 <0.004 <0.004 0.005 0.006 0.005 0.004 0.00& 



- Oata t-Ma_1:!_6 7-Apr-86 4-NOII-85 3-0ct-85 9-Sep-85 2-Aug-86 10-Jul-85 3-Jun-85 1-May-&5 

Cu - - . - -
.... Hg <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 

~ Mn 0.073 0.18 0.05 0.13 0.17 0.96 0.45 0.57 0.17 
:E Mn..O . . . - . - . - -
r:: Pb 0.03 0.025 0.042 0.067 0.05 0.042 0.02 0.067 0.067 
.2 Pb-0, TR . . - - - . . . 
!! . 
(I) Zn..O . . - . - - . - -

pH - . - . - . . -
TDS 1193 1262 1208 1223 1243 1187 1189 1210 1201 

'-----' Cn <0.004 <0.004 0.004 0.004 0.004 0.006 0.008 0.012 <0.004 

~ Data 1-May-86 7-Apr-86 4-Nov-85 3-0ct-85 9-5~5 2-Aug-86 10-Jul-85 3-Jun-85 1-May-85 

Cu - - - . - - . - -.., Hg <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 

~ lin 0.95 0.37 2.1 3.2 3.6 0.63 1.9 3.3 2.1 
:E lln..O . . - - . . . . . 
r:: Pb 0.02 0.017 0.05 0.067 0.05 0.05 0.02 0.067 0.05 
0 

Pb-0, TR i . . . . . . . . . 
U) Zn.O - - . . . . . . . 

pH . . . . . . . . . 
TDS 1174 1166 1551 1484 1475 1342 1339 1173 1109 

....___... Cn <0.004 <0.004 <0.004 0.004 0.005 0.004 0.006 0.006 <0.004 

r---- oat. 1-May-86 7-Apr-86 4-Nov-85 3-0ct-85. 9-5~5 2-Aug-86 1o-Jul-85 3-Jun-85 1-May-85 
Cu - . . - - - - . . 
Hg <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 0.0007 . ., 

~ lin 12 9.3 12 12 7.5 10 7.5 8.6 . 
:E Mn.O - - - - - . - . . 

t 
Pta 0.05 0.067 0.067 0.13 0.067 0.067 0.02 0.1 . 

Pb-0, TR - . . . . . - . -
Zn.O . . . . . . . . . 
_IIH - - - - . - . - . 
TDS 2482 2532 2651 2659 2662 251!13 2518 2194 . 
Cn 0.12 1.2 1.6 1.2 0.91 2.2 2.9 2.3 -

r---- oat. 1-MaY"!S 7-Apr-86 4-N0¥-85 3-0ct-85 9-Sep-115 2-Aug-86 10-Jul-85 3-Jun-85 1-May-85 
Cu - . . - . . . . . 

on Hg <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 

~ lin 14 10 11 13 11.2 15 11 14 8 
:E lln.O - . - . . . . - . 
r:: Pb 0.05 0.05 0.067 0.067 0.087 0.083 0.02 0.1 0.067 0 

Pb-0, TR I . . - . . . . . . 
Zn-0 . . . - . - . . . (I) 
pH - . . - - - - . . 

TDS 2188 2220 2635 2667 2401 2436 2333 2546 2349 
'---' Cn <0.004 <0.004 0.006 0.005 0.008 0.011 0.015 0.007 <0.004 

• - Value exceeds Utah GW Quality Standard 
Reier to Pla!e 1, Weston Rep011, Appendix A lor wen loc:ationa 

t-Nov-84 
. 

<0.0005 
0.083 

-
0.05 
. 
. 
-

1412 
0.28 

1-Nov-84 

-
<0.005 

3.8 
. 

0.05 

-. 
. 

1524 
0.005 

1-NoY-84 
. 

<0.005 
9.7 
. 

0.067 

-
-. 

2569 
0.006 

1-N0¥-84 
. 

<0.005 
12 
. 

0.13 . 
-. 

26117 
0.35 

Table 3.2: Richardson Fiat Groundwater Results (continued) 
1982 to 1987 and 1991 to 1998 

All unlta are In mgllaJ;Cept pH (mncbird unlta). 

3-0ct-84 6-Se~ 1Q-Aug-84 3-Jul-84 e-Jun-84 1-Nov-83 6-0ct-83 2-Sep-83 
. . . . . . - -

<0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 
0.3 0.25 .0.35 0.32 0.1 0.35 0.37 0.42 . - . - . . - -

0.033 0.067 0.067 0.05 0.067 0.05 0.05 0.083 
- . - - - - - . 
- . - - . - . 
- - - - - . - -

1349 1344 1431 1297 1334 1322 1471 1516 
0.009 0.01 0.007 0.007 0.006 0.067 0.025 0.016 

3-0ct-84 6-Sep-84 1Q-Aug-84 3-Jul-84 8-Jun-84 1-Nov-83 6-0ct-83 2-Sep-8_3 

- - . . - . - -
<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 

3.4 0.42 1.8 0.87 2.6 4.2 3.8 3.4 
- . . . . . . . 

0.067 0.05 0.083 0.067 0.067 0.07 0.067 0.05 
- . . . . . . . 
. . . . . . - -- . . . . . . -

1676 1576 1722 1401 1189 1879 2168 2164 
0.004 <0.004 <0.004 <0.004 0.004 0.025 0.022 0.006 

3-0d-84 6-Sep-84 10-Aug-84 3-Jul-84 8-Jun-84 1-Nov-83 6-0ct-83 2-Sep-83 
. - - . - . . . 

<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
11 8 10 8.8 8 9.2 8.3 10 
. . - . . . . . 

0.067 0.1 0.099 0.1 0.1 0.18 0.2 0.4 . . . . . . . -
- - . . . . . -. . . . - . - -

2693 2648 2713 2660 2183 2667 2666 2525 
2.1 1.4 1.5 1.4 0.73 4.7 1.6 2.1 

3-0ct-84 6-Se~ 1o-Aug-84_ 3-Jul-84 8-Jun-84 1·NoM13 6-0d-83 2-Sep-83 
. . . . . . . . 

<0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
16 13 13 12 9.3 12 8.3 10 
. - . - . . - . 

0.1 0.1 0.23 0.1 0.1 0.1 0.12 0.43 
. . . . . . . . 
. . . . . . . . 
. . . - . - . . 

2840 3039 2746 2781 2324 2838 2506 2261 
0.008 <0.004 <0.004 0.005 0.005 0.024 0.03 <0.004 

.... ---· .. 

2-Aug-83 6-Jul-83 8-Jun-83 3-Jan-83 3-0ec-82 t-Nov-82 1-oet-82 3Q-Aioli:!2 2-Aug-82 1-Jul-82 t.Jun-82 29-Apr-82 

- . . - - - - . . - - -
<0.0005 <0.0005 <0.0005 - - <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 

0.9 0.53 0.89 - . 0.4 0.27 0.53 0.52 0.69 0.57 0.57 

- . . . - - - - - . - -
0.093 0.05 0.067 . . 0.05 0.07 0.07 0.03 0.07 0.08 0.07 

- - - - - - - . - - --- . - - - - - - . . - -
- . - - - - - - - . - -

1359 1344 1281 - - 1274 1216 1435 1429 1310 1288 1239 
0.036 0.017 0.024 - - 0.035 0.03 0.032 0.032 0.021 0.027 0.027 

2-Aua-83 6.Jul-83 8-Jun-83 3-Jan-83 3-0ec-82 1-Nov-82 1.()ct-82 3o-Aug-82 2-Aua-82 1-Jul-82 1.Jun-82 29-A_!f-82 

- . . - - . . . . . . . 
<0.005 <0.005 <0.005 <0.0005 <0.0005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 

1.5 1.2 3.8 6.6 5.7 0.9 4.4 3.3 2.8 2.8 3 2.6 
. . - . . . . . . . . . 

0.05 0.067 0.12 0.12 0.1 0.05 0.05 0.07 0.05 0.08 0.08 0.08 

- - - . . . . - . . . . 
- . . - - . . - . . . . 
. . - . - . - . . . . . 

1682 1540 1625 1871 2335 2148 1928 2056 1878 1830 1482 1265 
0.02 0.01 0.016 0.008 0.004 0.0004 <0.004 0.009 0.016 <0.004 0.013 0.01 

2-Au~3 6-Jul-83 8-Jun-83 3-Jan-83 3-0110-12 1-N0¥-82 1.0d-82 3Q-Aua-82 2-Aua-82 1-Jul-82 1-Jun-82 29-Apr-82 
. . . . . . . . . . . . 

<0.005 <0.005 <0.005 . . <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 . 
9.8 5.9 4.5 - . 3.2 6.1 7.7 8.3 3.3 2 . 
- . . - . - - . . . . . 

0.12 0.067 0.13 - . 0.18 0.1 0.07 0.07 0.12 0.12 . 
. . . . . . . . . . . . 
. - - - - . . - - - . . 
. . . . . . . . - . . . 

2685 2120 1893 - - 2908 2232 2800 2879 2230 1019 -
8.4 1.8 1.7 - . 1.2 2.5 3.7 2.5 2.2 0.058 . 

2-Aug-83 6-Jul-83 8-Jun-83 3-Jan-83 3-Deo-12 1-NOII-82 1.0d-82 30-A~-82 2~-82 1.Jul-82 1-Jun-82 29-A~-82 
. - . . - . . . . . . .. 

<0.005 <0.005 <0.005 . <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 . 
9.2 3.2 0.27 . 2 11.3 7.8 10 8.3 2.7 0.27 -. . . . - - . . . . - -

0.17 0.033 0.05 . 0.05 0.17 0.2 0.22 0.15 0.13 0.12 -
. . . . . . . . . - . . 
. . . . - . . . - - . . 
. . . . . . . . - . . . 

3844 684 73 - 1450 3032 2315 1197 2101 883 18 -
0.2 0.01 <0.004 . <0.004 0.006 0 0.01 0.006 <0.004 <0.004 . 



1 Data collected by EPA contractor, E&E in 1984 and 1992 
' Data collected by United Pari( 

Table 3.3: Comparison of 1985, 1992, and 1998 Groundwater Data 
All units are in mg/1 except pH (standard units). 

Location: Well MW-1 

Date September, 1985 August, 1992 September, 1998 z- Date 
Sam~le ID RF-GW-3 RF-GW.OS MW-1 Sample ID 

Total Dissolved Total Dissolved Total Dissolved 
Aluminun 80.7 <0.03 2.69 0.0496 . . Aluminum 
Antimony <0.005 <0.005 0.0243 0.0405 . . Antimony 
Arsenic 0.076 <0.005 0.0052 0.0036 . . Arsenic 
Barium 1.534 0.104 0.0996 0.064 . . Barium 

Berylliu'll . <0.01 0.0034 0.0018 . . Beryllium 
Cadmilm 0.042 <0.005 0.0033 0.0033 . . Cadmium 
Calcit.rn 0.352 0.254 191 196 . . Calcium 

Ctv"omilm 0.095 <0.005 0.0078 0.0078 . . Chromium 
Cobalt 0.046 0.01 0.0075 0.006 . . Cobalt 
Copper 1.583 <0.005 0.03 0.02 <0.008 - Copper 

Iron 126 0.376 3.18 0.0626 . . Iron 
Lead 0.588 <0.03 0.0156 0.0022 . <0.01 Lead 

Magnesilm 0.088 0.056 44.2 41.8 . . Magnesium 
Manganese 2.23 0.924 0.89 0.684 . 10 Manganese 

0.0007 <0.0001 0.0002 0.0002 <0.0002 . Mercury 
Nickel 0.088 <0.03 0.0111 0.0249 . . Nickel 

pH . . - . 7.2 . pH 
Potassilm . . 6.06 5.53 . . Potassium 
Selenit.m <0.005 <0.005 0.015 0.015 . . Selenium 

Sit\ler <0.005 <0.005 0.0024 0.01 . . Silver 
Sodium 0.044 0.042 38.1 35.7 . . Sodium 

TDS . . - . 730 TDS 
ThaMuim <0.1 <0.1 0.0016 0.0016 . . lhalluim 

Tm . . . . . . Tm 
Vanadil.m 0.262 <0.01 0.0357 0.0357 . . Vanadium 

Zinc 0.65 <0.005 0.0995 0.0144 . 0.038 Zinc 
Cyanide <0.1 . . . . . Cyanide 
Sulfate 0.625 . . . . . Sulfate 

UTAH GROUND WATER QUALITY STANDARDS (units mg/1, standards for dissolved metals) 

• 

Arsenic 
Barium 

Cadmium 
Chromium 
Copper 
lead 
Mercury 
Selenium 

Silver 
Zinc 

METALS 
0.05 
2.0 
0.005 

0.1 
1.3 

0.015 
0.002 
0.05 

0.1 
5.0 

Location: Well MW-6 
September, 1985 Auaust, 1992 Seotember, 1998 i 

RF-GW-2 RF-GW-09 MW-6 

Total DISsolved Total Dissolved Total Dissolved 
4.92 <0.03 1.63 0.0685 . . 
0.063 <0.005 0.0284 0.0359 . . 
0.349 0.009 0.0113 0.0088 . . 
2.665 0.099 0.0583 0.0462 . . 
<0.01 <0.01 0.0049 0.0037 - . 
0.016 <0.005 0.0033 0.0033 - . 
0.314 0.307 318 365 . -
0.042 <0.005 0.0078 0.0078 . -
0.08 0.067 0.009 0.006 . -
0.19 <0.005 0.02 0.02 <0.008 -
26.3 14.8 3.19 2.17 - -
1.08 <0.03 0.031 0.0022 . <0.01 

0.072 0.07 52.5 55 - -
10.4 9.99 6.67 7.42 . - 9.4 

0.0001 <0.0001 0.0002 0.0002 - <0.0002 
0.03 <0.03 0.0256 0.0289 - -
- - . - 7.1 -
- - 3.29 3.01 - -

<0.005 <0.005 0.015 0.015 - -
0.017 <0.005 0.0033 0.01 - -
0.054 0.052 0.486 49.7 . -. - - - . 1354 
<0.1 <0.1 0.0016 0.0016 - -. - - - - -
0.017 <0.01 0.0357 0.0357 - -
2.79 0.144 0.0925 0.0131 - 0.061 
0.2 - - - - -

0.775 - - . - -
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Table 3.4: Richardson Flat Surface \•.:ater Sample Data, May 19, 1999 and June 9, 1999 

Sample Utah Water 
Location Quality Standards Arsenic111 Cadmium Chromium111 Copper Lead Mercury Selenium Silver Zinc 

RF-6 Aquatic Wildlife Chronic 0.19 0.004 0.812 0.049 0.026 0.000012 0.005 NJA 0.436 
19-May-99 Crtwrt•CZI Acute 0.36 0.026 0.81 0.085 0.683 0.0024 0.02 0.072 0.481 

Diversion Ditch -l'~uli'Rniilti.:._ .-.:: · .,; DissOivecr <0.020 .co;oo1 · -- <0.020 - <O:o1o . '-~<O:oo5 · :- . <0:0005 .. '--: ~;co;Oos- · : . : ., :co;oto , . .c''?-:,;·0:15· 
RF-6-2 Aqu•UcWiklllfe Chronic 0.19 0.004 0.812 0.049 0.026 0.000012 0.005 N/A 0.436 

9-Jun-99 Crltltri8CZI Acute 0.36 0.026 6.81 0.085 0.683 0.0024 0.02 0.072 0.481 
75' Downstream of RF-6 .-.a.:a~Fiiiiiliii ,, ___ .- "DisSolved <0.020 <0.001 <0.020 <0.010 -:·.=:-co:oos · ·. --~- :<0.0005 <O:oo5·-,-- -:-' "-<O:o1o _,,,-_, ·c .. -::·: -;.,o:o2?..; :- · 

RF-7 Aquatic Wlklll,. Chronic 0.19 0.004 0.686 0.042 0.02 0.000012 0.005 N/A 0.363 
19-May-99 Crtwrt•121 Acute 0.36 0.02 5.76 0.07 0.526 0.0024 0.02 0.05 0.405 

upstream silver cree~~ .:i;ab~~ii:~~ :r;::,:i:>iAOi;ed~t--; '·?;~"'\: :<o:oio .-~ · -, · -_-,:.-. -_,,:~ . .-o:ooL ~.: .· · \ .. ::::_ -<o~o2iV~ ~~~ :b'. ,t:-~1icHo _ · , ·"";~:~a:oos ·-_. : '' f..:..J;~o:ooos >"': , : ;;:,, ;·' ;-_~o:oo5·':;\~~ :~- ,_~::~~cho -:;;~ ~~,,_;:,;'3:s1t;i:~~-: 
RF-7-2 Aqu.UcWiklllfe Chronic 0.19 0.003 0.552 0.033 0.015 0.000012 0.005 N/A 0.292 

9-Jun-99 crtwrt•121 Acute 0.36 0.015 4.63 0.055 0.375 0.0024 0.02 0.032 0.322 

upstream c1 RF-7 - · :L!a~li:?*"' it~DiS&Ci~'iKi"~?!. Bff%~1fo2o:; -~-f-: ,:s~--~-:;·o;oo2tf"':"o:.?'~ -~~<o:o2o~:-~:t::r~ ~"f..o;o:o.1o'':T:: -~~.,,5o:oos:S"E :&~<o;ooo·s~',~&.. ~"iri~ifoos~:t.il :;;:1;;\~fofo.~::=t:fi ~~o:e-stt-,;;?'$.~ 
RF-8 Aqu.UC Melli.. Chronic 0.19 0.004 0.686 0.041 0.02 0.000012 0.005 NIA 0.366 

19-May-99 Crflllrll121 Acute 0.36 0.02 5.76 0.07 0.526 0.0024 0.02 0.05 0.405 
Downstream Silver Creek - : ,Lif11iiiiilii'r,_-;:~::;: ::;;::oissohi8d. :;: =-,-__ .-;·'i!:.0:02o -~'-- :: :·.-_:-.c<,;:o:o02-. .-~ ,.,, :,s-,_._., .<o:o2o ~-:: ·::: ;~,~- ~ .;;o:o1o,.,-._-.__ ~--:<·-;o:Oo5-:~--~.:-~ ~'tif.::.-<o:ooo5·"" ;-~:-. ;._..,_,_o:;<;o;{)o5:.-::.~'~ ·:;:.<;:~,;,c:o:o~o_:.t;:-2 :;:.::;<~:;0(~':~.:;;.:: 

RF-8 Aqu.UC Wildlife Chronic 0.19 0.003 0.572 0.034 0.015 0.000012 0.005 N/A 0.303 
9-Jun-99 Crhlrl8121 Acute 0.36 0.016 4.8 0.057 0.396 0.0024 0.02 0.032 0.335 

Downstream SiiYerCreek .-:--.·- _,i_jti~~~--~~.-'-'- ~-~Oi5i01i.id::!?t: :;.;.·f~.;;.-~:020'-'-"''" ·. ~, --~'o:oo3'.- - ; , _ .. ;-.:.'.-_:<o:02o, :-., .. -.--;;,:o.o1o ·_ :::~o~:Oo5:· ;-·, .' :·_:.:.·.:.;.o!:o:ooo57··,_:-=:; : .• : _ _:;,-:_~_·c;o:oo5'.":<.:-:-; .. ,;.._:-~~o~o:ro=-:<=-s ,,:_.,.:;:,;:·o.as:::~:~::; .. ~ 
111 Aquatic Wildlife Crileria is based on Trivalent species cl arsenic and chromium; the sample resull is for all species c1 arsenic and chromium. 
(2) Utah WrAJ!r Quality Standard for Stream Classification 3A (Aquatic Wildlife Criteria) for DiSSO!ved Metals as related to Hardness 

Sample Cation/Anion 
Location Date Alkalinity Calcium Chloride Balance Carbonate Bicarbonate Hardness pH(LAB) Potassium Magnesium Nitrite/Nitrate Sodium Sulfate 

·:; :··15 ·:.-- _, __ 7·.5·-- --~-<1 .. ::;, ~122 _.·.-7.5·>-:·:. 
30 6.1 <1 198 197.48 7.8 <4 14 <0.1 32 23 

5.9. _·_··.<1 -::;·,:.:214 .. --
644.01 <4 43 0.16 44 

.-. ___ .- :··.220 -_:·-. -.. <1 .:1 ~- . '140~<-- c ·<::··.-. ,8.2 
RF-7-2 9-Jun-99 98 331.18 .<4 21 0.24 80 

··,RF:-8'· ·· .-. -.-.-.- ·_· :·i1~99·~,_.: , 142.:::.:-_- -126.: <1 <1- .. :.· ·-142 -a .. :--- .. .-.-<4··. .-::---';-~32···::--c-·:::· i·:·.-o:6 __ _,_:·--. -· :-a1o .. -
RF-8 9-Jun-99 1 02 345.29 <4 22 0.27 76 

- ·' 300 7 -:4 .-: .. , .. 92 ·-8.4·· .- .--.-.:6.2" .. - --.- -_:·:.:.20~ .-.: , _ _.: ·.· .-·.:0:2· .-- . _._- <:. -.-:.-.·-.177 .' 
RF-10 9-Jun-99 60 219.85 <4 17 0.1 47 

RF-2 
'.::·': -· -· .. : ... : RF..6; 

RF-7-2 

Sample 
Location 

- ~ -: . 

RF-2 

- _RF,3~: .. 
~--=·· : . ":"".:··: . ~. ~ . 
RF-4 

·-:·:< .. ___ .. _RF:~~,·-
-'- --·, ~-- .. 

RF-6 

RF-6 

RF-7 

Flow (cfs) 
. . ·:· :9'-""~99~- ·_i - ·. '. - ' ,_._ :'0.39.' .. 

9-Jun-99 0.39 

9-Jun-99 3.17 

Date 

19-May-99 

19-May-99 

19-May-99 

19-May-99 

Type 

-_ OiUOived: 

Tolal 
Dissolved 

- DiSSOIWd _.. . 
Tolal 

Dissolved 

Arsenic 
WQ$-:0.05 

.-.. <0.020 
<0:020 
<0.020 
<0.020 

.. <0.020 .: 
. <0~020 

<0.020 
<0.020 

. -: .<0:020_: 

Barium 
WQS:1 

.. -. -·0.15 
0.18 
0.17 

-'-0.17--
_: -. 0:16 

0.09 
0.14 

Cadmium Chromium 
WQS: 0.01 WQS: 0.05 

Copper 
WQS:1 

Lead 
WQS:O.OS 

Mercury 
WQS:0.002 

Selenium 
WQS:0.01 

Silver 
WQS: 0.05 

Zinc 
was-

<0.001 · ~<0.020 . ·,e:o:o1o- - -~o:oo5 · - - ::- · :<o:ooos ~ . . .,. <0.005 .-' ·-: · .----co:o1o·- ·. _-:0:047. -· 
<0.001 <0.020 <0.010 0.005 <0.0005 <0.005 <0.010 0.038 
<0.001 <0.020 <0.010 <0.005 <0.0005 <0.005 <0.010 0.042 

0.002 <0.020 0.015 <0.005 <0.0005 <0.005 <0.010 1.1 
<0.001 <0.020 <0.010 <0.005 <0.0005 <0.005 <0.010 0.95 

Total <0.020 0.13 <0.001 <0.020 <0.010 <0.005 <0.0005 <0.005 <0.010 0.45 
Dissolved <0.020 0.13 <0.001 <0.020 <0.010 <0.005 <0.0005 <0.005 <O.D10 0.15 

. TO!al __ <0;020 -0.11 .. 0.003 ·co.020 :;:o.o1o 0.028.-·· -<0.0005 .· ,_ ·<0.005 - -. <O.o~o - · - . ·0:85 
.: . DisSiJIY8d <0;020 0."·18 0.002 <0.020 ._· -_ <0.010 ·<0.005 . <0.0005 .<0;005 - · ... <0.010 . -.0:85 

Total <0.020 0.11 0.003 <0.020 0.013 0.074 <0.0005 <0.005 <0.010 0.82 

1------;;;-.=---:;-;:;---:-"'---+---::-:~=--+--=Dissol~· ;:::;ved~~+---<::0;.:.:.0::2~0--:4--~::::0-~1:---,....-f-:---'0~-~00~2=--+-_;<~0;::-0=2~0:---l~ <0.010 <0.005 <0.0005 <0.005 <0.010 0.51 
RF~7-2- ~-.!_im~99 .--Tear . _ .<0.020 -. ·-0.21 0.004- <0.020 '."<O:o1o . 0,078 · , - -·.·- ::<o.ooo5-" · ·- -- <0:005 ,-"·· ·· <0:010 . :- ·1,5. ... . . 

· · __ ,_ .,- .. ., , .. -.' Dis561wid · co:o20: o:19 . o.oo2 <0.020 :·:<o.o1o .- - <0.005 -- · -"<o.ooo5 -: .-·- .-, ·---.<o:oo5 >;·-::.- :- .. <0,01o·:.-.-·. :_ .. -_ -:: o:89 
RF-8 19-May-99 Tolal 0.031 0.13 0.009 <0.020 0.038 0.34 <0.0005 <0.005 <0.010 1.7 

Dissolved <0.020 0.1 0.002 <0.020 <0.010 <0.005 <0.0005 <0.005 <0.010 0.49 
RF-8 · 9-Jun~99 :Total. co,o2o .o.n o.oo3 -<o.02o ~:<0:o1o -0.028 - '<_o:ooo5 , . -.- ;.<o:oo5 · · _,~- ·oe;o:oro - -- ,_ .::.o.85 . 

DisSolved <0.020- .0.18 ·0.002 <0.020. ·_ .c-;CO.o.to <0.005 -:co.ooo5 : -<0.005 .. .;· :: :·<0:010 .- - ,_· -:-o;85 - --. 
RF-9 19-May-99 Total <0.020 0.14 <0.001 <0.020 <0.010 <0.005 <0.0005 <0.005 <0.010 0.011 

Dissolved <0.020 0.13 <0.001 <0.020 <0.010 <0.005 <0.0005 <0.005 <0.010 0.029 
RF,10 .. · 9-:Jun-99 . Total . -0.021 0.26 <0,001 - <0.020 . <0:010 0.023 -<0:0005 : -.. -~0.005 <0.01_0 • -·' '0:069 · 

_·.DissOlved <0.020 0.25 <0.001 <0.020 ·co.010 0.009 · <0.0005 · <0.005 · -· ··'.<0:010 . •; ·: ... ·· .0.009 
"Utah Water Quality Standard for Stream ClasSification 1 C (Domestic Use Criteria) for Dissolved Metals. 
- There is no WQS for Stream Classification 1 C for Zinc. 

All units are in mgll excepl Flow (ds) and pH (standard units)-

. :-.192:. ·- -:-
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• • Table 5.2: Summary of Analytical Parameters for Water and Soil Samples 

WATER SAMPLES 
Analytical Parameters Method Reference 

Metals 
Ag, As, Cd, Fe SW-846 6010 EPA SW-846* 

Cu,Pb,Sb,Se,Zn 

Hg EPA 245.1 EPA Methods .. 
/1631 

lone 
Ca. K, Mg, Na SW-8466010 EPA SW-846* 

Cl EPA 325.2 EPA Methods .. 

Cation/Anion Balance - -

co3. Hco3 EPA 310.1 EPA Methods•• 

N02, N03 EPA 353.2 EPA Methods•• 

so .. SW-846 9036 EPA SW-846* 
Other Paramete,. 

Alkalinity EPA 310.1 EPA Methods•• 

pH (lab) EPA 150.1 EPA Methods .. 

pH (field) Digital pH Meter RMC SOP 

conductivity Digital Meter RMCSOP 

Hardness - -
TSS EPA 160.2 EPA Methods**. 

TDS EPA 160.1 EPA Methods** 

• EPA SW-846 Test Methods for Evaluating Solid Waste, December, 1996 
•• EPA Methods for Chemical Analysis of Water and Waste, March, 1983 

SOIL SAMPLES 
Analytical Parameters Method 

Metals (Soli) 
Ag, As, Cd, Fe, SW-846 6010 

Cu,Pb,Sb,Se,Zn 

Hg SW-846 7471 

Metals (Sedlmentarv) 
Ag, As, Cd, Fe XRF 

Cu,Pb,Sb,Se,Zn 

Hg SW-846 74.71 

Other Parameters 

Cation Exchange Capacity SW-846 9081 

pH (lab) SW-846 9045C 

• 
Reference 

EPA SW-846* 

EPA SW-846* 

-

EPA SW-846* 

EPA SW-846* 

EPA SW-846* 



• 

• 

• 

------- ------- --·------

Figure 1.0: Site Location Map 

Figure 2.0: Site Map 

Figure 2.1: Site Geology 

Figure 3.1: Sample Locations 

FIGURES 

Figure 3.2: Water Quality Data-Zinc (Surface) 

Figure 3.2a Water Quality Data-Zinc (Surface) Line Graph 

Figure 3.3: Sample Locations 

Figure 4.0: Preliminary Site Model 

Figure 5.0: Soil Sediment and Tailings Sample Locations 

Figure 6.0: Off-Site Soil Sample Locations 
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• FIG. 4.2a 
Richardson Flat Surface Water - Diversion Ditch Outlet - Station NS 

Zinc (T) mg/1 

• 
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